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STATE OF THE ART 



A 4 -pregoeinc-lip,17ct,21-triol-3,20-dxorie 
(bydxocortzSODfi) is an important pharmaceutical steroid, 
used fbr lis tAaimacological properties as a. corticosteroid . 
and as a starting compound for the preparation of numerous , 
F™ useful sieroids, particularly other corucosteriods- Hydrooor- j 

tisooe is produced in the adrenal cortex of vertebrates and ! 
(03 was originally obtained, in small amounts only, by a lab©- 

f- ■ rioTS extraction from adrenal cortex tissue. Only after struc- 

g"Yl hire ehinidatiDn ware new production routes developed* 

characterized by a combination of chemical synthesis steps . 
and microbiological conversions. Only because the starting ' 

O compounds which are employed such as sterols, bile acids 
end sapogenins are abundant and cheap, the present pro- 
cesses afford a les expensive product, but these sdQ are 
rather complicated. Several possibilities were envisaged to 
improve the present processes, and also biochemical 
approaches have been tried- 
One attempt was to have a suitable suiting steroid con- 
verted in an in vitro biochemical system using the isolated 
adrenal cortex proteins which are known to be responsible 
for the enzymatical conversion in vivo of steroids to hydro- 
cortisone. However, the difficult isolation of the proteins and 
the high price of the necessary cefaclors, appeared to be 
prohibitive for an economically attractive- large scale pro- 



Another approach was to keep the catalysng proteins in 
their natural enviromnent and to have the adrenal cortex 
cells produce the desired hydrocortisone in a cell culture. 
But due to the low productivity of the cells, in practice, it 
appeared to be impossible io make such -a biochemical 
process economically attractive. 

The in vivo process in the adrenal cortex of mammals and 
other vertebrates constitutes a bicchermcal pathway, which 
starts with cholesterol and via various intermediate com- 
pounds eventually affords hydrocortisone (see FIG* 1)~ Eight 
proteins are directly involved in this pathway, five of them 
being enzymes, among .which" four cytochrome P^p 
enzymes, and the other three being electron transferring 
proteins. 

The first step is the conversion of cholesterol to 
3P-bydroxy-5-pregnene-20-one (pregnenolone). In ihis 
conversion, a mono-oxygen age reaction, three proteins are 
involved: side-chain cleaving enzyme (P^SCC, a heme- 
Pe-containing protein), adrenodcarin (ADX. a Fc^S^ con- 
taining protein) and adrenodoarin reductase {ADR, a EAD- 
contaimng proleio). 

. , Besides cholesterol as a substrate, the reaction further 

requires molecular oxygen and KADPH. Subsequently, 
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pregnenolone is converted by dehydrogenation/ 
isornerizatioa to A 4 -prcgr^e-3,20-dione (progesterone). 
This reaction, catalyzed by the protein 30-hydrOXy steroid 
dchydrogcnasc/isomcrase (30-HSD), requires 
5 pregnenolone, and NAD*. 

To obtain hydrocortisone, progesterone subsequently is 
hydro xlated at three positions which con versions are cata- 
lyzed by mono-orygenases. In the conversions of progest- 
erone into 17o>hydroxy progesterone, two proteins are 
l0 involved: 

steroid 17a-hydroxyUse (P 450 17a, a heme-Fc-conUining 
protein) and NADPH cytochrome ? 4S0 reductase 
(RED, a FAD- and FMNK»ntaining protein). The reac- 
tion consumes progesterone, molecuhf oxygen and 
05 NADPH, 

For the conversion of l7c&-fayd roxyprogeslejone into 17a, 
21-dihydioxy-A 4 ^egne]>e-3 1 20>dioue (cortexolone), also 
two proteins are needed: sterad-21-bydroxylase [P 4£0 C21» & 
henic-Fe-containing protein) and the befiore-rnentioned pro- 
20 tein RED* The reaction consumes l7o>bydroxy 
progesterone, molecular oxygen and NADPH. 

Id the conversion of cortexDlonc into hydrocortisone, 
three proteins are involved: steroid lip -hydroxylase 
(PajoUP, a hcmc-Fe^oataining protein), and the above 
25 mentioned proteins ADX and ADR. 

As described above, cytochrome P 450 proteins are 
enzymes which arc essential for the biochemical conversion 
of cholesterol to hydrocortisone. These enzymes belong to a 
larger group of cytochrome P 4S0 proteins (or shortly P 450 
w proteins)- They have been encountered m prokaryotcs 
(various bacteria) and eukuyotes (yeasts* molds; plants and 
animals). In mammals, high levels of P^ 0 proteins are found 
in the adrenal cortex, ovary, testes and liver. 

Many of these proteins, have been purified and are Well 
^5 characterized now. Their specific activity has been deter- 
mined. Recently, a number of reviews on (Ms subject have 
been published such as K. Ruefcpanl and H. Rein (eds), 
"Cytochrome P^q" and P. R. Oritz de Montellano (ed.) 
"Cytochrome P^o, str u c tur e, mechanism and bjocfaemis- 
40 try". Cytochrome P 45Q proteins are characterized by their 
specific absorb ance rajtxjrnua ai 450 nm after reduction 
with carbon monoxide. In prokaxyonc organisms, the 
proteins arc cither membrane bound or cytoplasm atic As far 
as the bacterial, P^ proteins have been studied in detail 
4 5 (e^ P 4SO meg and P 450 cam) r it has been shown that a 
forredoxin and a ferredoxm reductase are involved hi the 
hydroxy Uting activity. For eukaryotic organisms, two types 
of 

P*ro proteins, I and II have been described. Their two 
differences reside im 

so 1- subcellular localization, type I is localized in the 
microsomal fraction and type II is localized in the inner 
membrane of rnitrxnondria; 
2. the way the electrons are traosferred to lheP <50 protein. 
Type I is reduced by NADPH via a P^ 0 reductase, 
ss whereas Type II is reduced by NADPH via a 
fciredoxm-reductase (e.g. adrenodbxm reductase) and 
a ferredoxm (e.g. adrenrjdoxzn). 
According to cytochrome P^o enzymes 

can be prepared from Sireptomyces species and used for the 
60 hydrcocykhon of chemical compounds. The enzymes are 
used in isolated form, which is a nther tedious and expen- 
sive procedure. 

JF-A-6236,485 (Dexwent 87-331,234) teaches that it is 
possible to introduce into Saccharvmyces cerev&inz the 
65 genes of liver cytochrome P^ D enzymes and to express them 
affording enzymes which may be used for (heir oxidation 
activity. However, in the above references, (here is no 
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indication of the use of cytochrome V £SO euzymcs for the 
preparation of steroid compouuds. 

OBJECTS OF THE INVENTION 

It is an object of the invention to provide an improved 
Mochcmical pathway for the producuoo of hydiocornsonc 
and expression cassettes useful therein. 

It is another object of the invention to provide recombi- 
nant host cells and their progeny containing said expression 
cassettes. 

These and other objects and advantages of the invention 
will become obvious from the following detailed descrip- 
tion. 

THEI^^VE^^^o^r 

The process of the invention for the preparation of hydro- 
cortisone from sterols comprises culmrJug a recombinant 
cell in a nutrient medium, the recombinant host con tainin g 
an expression cassette, operable in a recombinant host* 
comprising a heterologous DNA coding sequence encoding 
a protein, which is functional, alone or in cooperation with 
one or more additional proteins, of catalyzing an oxidation 
step in the biological pathway for conversion of cholesterol 
into hydrocortisone, which step is selected from the group 
consisting o£ 

the conversion of cholesterol to pregnenolone; 

the conversion of pregnenolone in progesterone; 
* the conversion of progesterone to l7o>hydroxy'- 

progesterone; 

, the conversion of 17a-hydroxyprogesierOBe to cortex- 

olone; 

the conversion of cortexokme to hydrocortisone, and the 
corresponding control sequences ef&ctrvc in said host 

The invention provides a multiplicity of expression cas- 
settes for r^oducuon of proteins necessary in, the construc- 
tion of & mulcigenic system for the one-step conversion of 
inexpensive steroid starting materials to ©ore rare and 
expensive end products, wherein such conversion is carried 
out in native systems through a multiplicity of enzyme- 
cat aryzed and cafactor-mediated conversions, such as the 
production of hydrocortisone from cholesterol. The expres- 
sion cassettes of the invention are useful in the ultimate 
production of multigenie systems for conducting these 
multi-step conversions, 

Accordingly, in one aspect, the invention is directed to an 
expression cassette effective in a recombinant host cell in 
expressing a heterologous coding DNA. sequence, wherein 
said coding sequence encodes an enzyme which is able, 
alone or fa cooperation with actional proteins, to catalyse 
an oxidation step in the biological pathway for the conver- 
sion of cholesterol to hydrocortisone. The expression cas- 
settes of the invention, therefore, include those sequences 
capable of producing, in a recombinant host, the following 
proteins: sidVchain cleaving enzyme (P 4j0 SCC); adrcuo- 
doxfn (ADX); adrenodoxin reductase (ADR); 3p-hydroxy 
steroid derrydrogenase^soaerase (3P-HSD); steroid l7o 
hydrexylase (P^lVa); NADPH cytochrome P 450 reductase 
(RED); steroM-21-hydroxylasc (P^Ql); and steroid Up- 
hydrorylase (P^ollp),^ 

In other aspects, the invention is directed to recombinant 
host cells transformed with these vectors or with the expres- 
sion cassettes off the invention, to methods to produce the 
above enzymes and to use these enzymes for oxidation, to 
processes to use said host cells for specific oxidations in a 
culmie broth and to pharmaceutical conrposinons containing 
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BRIEF DESCRIPTION OF THE FIGURES 

Abbreviations used in all figures; K r EooRI; H> HmdlE; 
Sc, Scat P, Pstl; K. Kpnt Si SmI; Sp, SphI; X Xbal; N, 
Ndel; S, Smal; Ss, SstI, R., EcaRV, S„ Sad; B, BamHI; 
5 SacII; Sat Sail; Xb, Xbol; Pv, pvuH; Bg. BglH and M. MW- 
FIG. 1 shows a schematic overview of the proteins 
involved in the succeeding steps in the conversion of cho- 
lesterol in hydrocortisone as occurring in the adrenal cortex 
30 of mammals. 

FIG. 2 shows the constmcrion of plasmid pGBSCOl. 
The P 4S0 SCC-5tqueaccs are indicated in a box fl235fr 

FIG, 3 shows the insertion of a synthetically derived 
pgl/Hindm fragment (SEQ ID NO: 2) containing the 
15 5«-P 44jo sa>seqQences into the plasmid pTZi&R to obtain 
the plasmid pTZ synlead 

FIG. 4 shows the construction of a fafl-lengjb P^^SCC 
cDNA of synthetically (EZEJ) and by cDNA cloning 
20 <X77777h derived P <50 SCC-5cquenccs inlo pTZI8R to obtain 
pGBSCC-Z 

FIG- 5 shows the complete nucleotide sequence of plas- 
mid pBHA-L 

FIG* 6 is a schematic representation of the construction of 
25 pGBSCC-3. P 4jo SCC DNA sequences from plasmid 
pGBSCC-2 introduced into the B a riH W F. o>fi shuttle 
plasmid pBRA-1 (SEQ ID NO: 3). Filled in boxes are as 
jpdjffwl in the legend of FIG. 4. 
FIG. 7 shows the introduction of a Ndel restriction site 
30 (SEQ ID NO: 4) in combination with an JCTG start codon 
before the P flJ0 SCC^matnrarian site (SEQ ID NO: 6) in 
pGBSCC-3 to obtain pGBSCC-4. 
FIG. 8 shows a physical map of pGBSCC-5 which is 
35 obtained by removal of £. coB sequences from ibe plasmid 
pGBSCC-4. 

FIG. 9 shows a Westernrbloi probed with antibodies 
against P 450 SCC; demonstrating the P^CC expression of 
phsmid pGBSCGS introduced in B subtilis (lane c) and B. 
40 Ucheyiifarmis (lane i> Control extracis,r>om 5. subtilis (lu* 
c) andS. Uchervfornus are shown in lanes (a) and (d) rcsp. 
For comparison also purified adrenal cortex P <$ oSOC (30 
ng) was added to these control extracts (lanes (b) and (e) 
rcsp,)- 

45 FIG. 10 is a schematic representation of the construction 
of pGBSCC-17. The coding P 450 SCC-DNA sequences from 
nlasmid oGBSCG-4 were fctrodiced into the E. coU expres- 
sion vector pTZlSRN. Ine P^^C-sequenees are indi- 
cated in a box iv///A\ . 

50 FIG. 11 shows the P.^SCC expression of pGBSCC-17 
in £. coll JM101. 

(a) SDS/PAGE and Coomassie brilliant blue staining of 
the cel^ilaf protein fractions (20 /d) prepared from the 
E. coS control strain (lane 3) md£ cofi transformanls 

55 SCCU3Oaarjd3O2Gar^Xand2,resp0.4OOngpT^ 
bovine P^SCC (lane 4) is shown for coirmarison. 

(b) Western-blot analysis probed with antibodies against 
P450SCC of cellular protein fractions (5 pi) prepared 
frtmlbecontrolstrainE. co£IM101(Unft:2)aiid&Dm 
the cofi JM101 (lane 3) and SCC-302 (Jane 4). 100 
ng purified bovine V AS ^CX2 (lane 1) is shown for 
comparison. 

FIG- 12 shows the construction of plasmid pUCG418. 
« FIG- 13 shows the cotistruction of the yeast expression 
vector P 0B 950 by insertion of the promoter and terminator 
with rouhrole cloninc sites (SEQ ID NO: S) (B223) of 
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lactase in pUCG418. To derive pGBSOC-6, a synthetic 
SaJI/XhoI fragment (SEQ ID NO: 9) containing an ATG start 
codon and the codons for the first 8 «mmo acids of P^e^CC 
is inserted in pGB950. 

FIG. 14 is a schftmatfc presentation showing the construe- 
' tion of the yeast P^^CC-expression cassette pGBSCC-7. 

FIG. IS shows a Wcstern-bbt probed with antibodies 
specific for die protein P 4SO SCC 

Blot A contains extracts derived from Soccharomyces 
cerevisute Z73-10B transformed with pGBSCC-10 (lane 1); 
from S* cerevisiae 273-10B as a control (lane 2); from 
Kluyveromyces lactis CBS 2360 transformed with 
pGBSO>7 (lane 3) and from £- tactis CBS 2360 as a 
control (lane 4). 

Blot B contains extracts derived from K. Zoxmr CBS 2360 
as a control (lane 1) and iC kents CBS 2360 transformed 
with pGBSCOlS (lan fc 2), with pGBSCC-12 (lane 3) or 
with pGBSCC-7 (lane 4), Blot C contains extracts derived 
from 5. cerevisiae 273-10B as a control (lane 1) transformed 
with pGBSCC-16 (lane 2) or with pGBSCOl3 (lane 3). 

FIG. 15 is a schematic presentation of the construction of 
the yeast expression vector pGBSCC-9 containing the iso- 
cytochrome CI (cyc-1). promoter from S. cerevisiae. 

FIG. 17 shows a construction diagram of the P^sqSCC 
cDNA containing expression vector pGBSCC-10 for 5". 
cerevisia& 

FIG. IS shows the construction of the A W SCC expression 
vector pGBSCC-12 in which a synthetically derived DNA- 

fragment encoding the pre-P 45Q SCC sequence (gZZZfi) is 
* inse rted 5' for the coding sequence of mature P^qSCCL 

FIG. 19 shows the construction of the pGBSOC-13. This 
P^CCC expression cas set te for S. cerevisiae contains the 
prc-P <w SCC cDNA sequence positioned 3* of the cyol 
promoter of S. cerevisiae 

FIG. 20 shows a schematic representation of the construc- 
tion of the plasmids pGBSCXM4 and pGBSCC-15. "Hie 
latter f?rj r *ri" e the P 45 ^CC coding sequence in frame with 
the cytochrome oxidase VI p re-sequence ( y/z/Al 

FIG. 21 shows the construction of the plasmid pGBSCC- 
16. In this plasmid, the cytochrome oxidase VI prescqnence 
tyJJM) of £. cerevisiae fused to the coding P 4W SCC 
sequence is positioned 3' of the cyol promotes. 

FIG. 22 shows the physical maps of the plasmids 
pGB17o>l (A) and pGB17a-2 (B) conlaining the 3' 1.4 kb 
fragment and the 5* 345 bp fragment of P 4£0 17a 

cDNA, resp. In pGB17a-3 (C) containing 4© full length 
P 45(> 17a cDNA sequence, the position of the ATG start 
codon is indicated, 

FIG. 23 shows the mutation of pGB17o>3 by in vitro 
mutagenesis (SEQ ID NO: 17). The obtained plasmid 
pGB17a-4 contains a Sail restriction site (SEQ E> NO: IS) 
followed by optimal yeast translation signals just upstream 
the ATG initiation codon, 

FIG. 24 is a schematic view of the construction of the 
yeast P <a JJa expression cassette pGBl7o>5. 

FIG. 25 shows the mutation of pGBl7a-3 by in vitro 
mutagenesis (SEQ ID HO: 19). The obtained plasmid 
pGB17o>6 contains as Kdel restriction site (SEQ ID NO: 
20) at the ATG-imtiatfon codon. 

FlG> 26 is a schematic representation of the construction 
of pGBl7a-7. P„ 50 17a cDNA sequences from plasmid 
pGB17ct-6 were introduced into the BadBus/E. coH shuttle 
plasmid pBHA-1. 

FIG. 27 .shows a physical map of pGB!7o>8 which is 
obtained by removal of E. coH sequences from the plasmid 
pGB17o>7. 

FIG. 28 shows physical maps of pGBC21-l and 2, 
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cDNAEcoRI fragment, respectively, in the EcoRl-site of the 
cloning vector pTZ18R. 

FIG- 29 shows the in vino mutagenesis by tbe polymerase 
chain reaction (PGR) of pGBC21-2 (SEQ ID NOS: 26 and 
s 27) to introduce EcoKV and Ndel restriction sites (SEQ ID 
NO: 2S and 29) upstream the P 4S0 C21 XTG-iritiation codoo, 
followed by molecular doping into the cloning vector 
pSP73 to derive pGBC21-3. 

FIG. 30 is a schematic view of the construction of 
pGBC21-4, containing the tuIWeagth V^CH cDNA 
50 sequence. 

FIG. 31 is a schematic representation of the construction 
of pGBC21~5. The P^Ol cDNA sequence from plasmid 
pGBC21-4 was mtroduced into the Bacztttis/E. coU shuttle 

plasmid pBHA-1. 
IS FIG. 32 shows a physical nap of pGBC21-6 which is 
obtained by removal of £1 coli sequences from the plasmid 
pGBC21-S. 

FIG. 35 shows tbe mutation of pGGBC21-2 by in vitro 
mutagenesis (SEQ ID NO; 31). The obtained plasmid 
20 pGBC21-7 contains a Sail restriction site (SEQ ID NO; 30) 
followed by optimal yeast translation signals just upstream 
the ATG initiation conon. 

FIG. 34 represents the construction of pGBC2l-&, con- 
taining a frill-length P450C2I cDNA with modined fla n kin g 
25 restriction sites suitable for cloning into the yeast expression 
vector. 

FIG. 35 is a schematic oresentalion showing the construc- 
tion of tbe yeast P^j^l-expression cassette pGBC21-9. 
FIG.36 shows the in vitro mnl agenesis by the polymerase 

*o chain reaction of pGBliji-1 to introduce appropriate flank- 
ing restriction sites and an ATG initiation codon to the 
DilUcnglh P A5a U-P cDNAsequcnce, followed by molecular 
cloning into tbe Bzri&nsJK coli shuttle vector pBHA-1 to 
derive the plasmid pGBllp-2. 

35 FIG. 37 shows the in vitro mutagenesis by the polymerase 
chain reaction of pGBUP-1 to mtrodnce appropriate flank- 
ing restriction sites and an ATG initiation codon to the 
fiLH-Iength P 450 lip cDNA sequence, folk) wed by molecular 
cloning into the yeast expression vector pGB950 to derive 

40 the plisnid PGBllfMv 

FIG. 38 is a schematic view of the molecular cloning of 
the ADX cDNA sequence from a bovine adrenal cortex 
poIyA*RNA/cDNA mixture by the polymerase chain reac- 
tion method. The cDNAsequcnce encoding the mature ADX 

45 protein was inserted into the appropriate sites of the yeast 
expression vector pGB950 to obtain the plasmid pGRADX- 
1. 

FIG. 39 shows a Western-blot probed with antibodies 
against ADX, demonstrating the ADX expression of plasmid 
50 pGBADX-1 inK. lactis CBS 2350 tiansfcrrmants ADX-101 
and 102 (lanes 4 and 5, rosy.)- Extract of control strain KL 
lactis CBS 2360 is shown in lane 3. For comparison, also 
purified adrenal cortex ADX (100 ng) is supplied to the gel 
in lane 1. 

55 FIG. 40 shows the in vitro mutagenesis by the polymerase 
chain reaction of pGBADR-1 to mtrodnce appropriate flank- 
ing restriction sites and an ATG-imthnon codon to the 
mil-length ADR cDNA sequence, followed by molecular 
cloning into the yeast expression vector pGB950 to derive 

a> pGBADR-2, 

FIG. 41 shows a physical map of the expression cassette 
pGB17o>5. 

HG. 42 shows a physical map of the expression cassette 
pGBC2i-9. 

65 FIG. 43 represents the construction of the expression 
cassette p<3B17a/C21-l* chaining the coding sequence for 
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HG. 44 shows a physical map of the plasmid pTG7457. 

FIG. 45 shows a physical map of the plasmid pTG74S3. 

FIG. 46 shows a physical map of the plasmid pTGlOQ14. 

FIG. 47 shows a physical map of the plasmid pTG10004. 

FIGS. 48 and 49, respectively show a physical map of the 
plasmid pTGl0031 and pTG10033. 

FIG. 50 shows a physical map of the plasmid pTGl0013. 

FIGS. 51 and 52, respectively show a physical map of the 
plasmid pTG10041 and pTG1004Z 

FIGS. 55 and 54, respectively show a physical map of the 
plasmid pTG10045 and pTG10046\ 

FIGS. 55 and 56, respectively show a physical map of the 
plasmid pTG10064 and pTGl£)065. 

FIG. 57 is RP-HPLC analysis of Example 34. 

The invention comprises the preparation and culturing of 
cells which axe sailed to be used is large scale biochemical 
production reactors and the Use of these cells for the oxi- 
dation of compounds and particularly for ibe production of 
steroids, shown in FIG. L Each of the depicted reactions can 
be carried onl separately. Also interchange of steps in a 
rnulftVslcp reaction is included in the invention. Micro- 
orgamsrns are preferred bests but oibcr cells may be used as 
well as cells of plants or animals, optionally applied in a cell 
culture or in the tissue of living transgenic plants or animals 

The cells of the invention are obtained by the genetic 
transformation of suitable receptor cells, preferably cells of 
suited micro -organisms, with vectors containing DNA 
sequences encoding the proteins involved in the conversion 
f% of cholesterol to hydrocortisone, comprising side-chain 

cleaving, enzyme (P^oSCC), adrenodoxin (ADX) W adreno- 
doxin reductase (ADR), 3^ydroacy*stexoid dehydrogenase/ 
isomerase (3p-HSD) steroid-17a^ydroxylase (P^7a\ 
NADPH cytochrome reductase (RED)* steroidal- 
hydroxylase (P« 50 C21) and steroid-lip-hydrorylase 
(P 4SD llj5). Some host cells may already produce on their 
own one or more of the necessary proteins al a sufnoest 
level and therefore have to be transformed with the supple- 
mentary DNA sequences only. Such possible own proteins 
are rerredoxin, ferxedoxin rednctase, P 4 ^reductase, and 
3 p-hydroxy -steroid dVhydtOgenase^soxnerase. 

For retrieval of the sequences which encode proteins 
which are involved in the conversion of cholesterol to 
hydrocortisone, suitable DNA sources have been selected. 
An approp riate source for the retrieval of DNA encoding all 
proteins involved in the conversion of cholesterol to hydro- 
cortisone is the adrenal cortex tissue of vertebrates e.g. 
bovine adrenal cortex tissue. Also from various micro- 
organisms; the relevant DNA can be retrieved* e.g. from 
PseudomPtm testosterone Streptcrrtyces griseocarneus or 
Brevibacteriam sterolicum for DNA encoding the 
3p-hydroxy-stercoid dehydrogenase/isomerase and from 
Curvalaria hmaxa or Cunningfiamella blakeskcam foe 
DNA encoding proteins involved in the llp-hydroxylatioa 
of cortexolone. The DNA-seqnenccs coding for the proteins 
bovine P 450 SCC, bovine P 450 lip or a microbial equivalent 
protein, bovine adrenodoxin, bovine adrenodoxin reductase, 
3{^hydroxy-slcroid debydrogenase^merase of bovine or 
microbial origin, bovine P 450 17a, bovine P <50 C21 and 
NADPH cytochrome P^ reductase of bovine or microbial 
origin, were isolated according to the following steps: 
1, Eukaryotic Sequences (cDNA's) 

a. Total RNA was prepared from appropriate tissue. 

b. PolyA* containing RNA was transcribed into double 
stranded cDNA and Iigaled into bacteriophage vectors, 

c The obtained cDNA library was screened with ^P- 
labeled oligomers specific for the desired cDNA or by 
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0PTC)-rnduced lambda-gUl cDNA library using a 
specific (^Mabclcd) antibody, 
d. cDNA inserts of positive plaque forming units (pfu's) 
were inserted into appropriate vectors to verify: 
tfae entire length of the cDNA by nucleotide sequenc- 
ing. 

2. Prokaryotic Genes 

a- Genomic DHA was prepared from an appropriate 



10 b- lb obtain a DMA Hbrary, DNA fragments were cloned 
into appropriate vectors and transformed to an appro- 
priate £. coli host 
C, H» DNA library was screened with ^-labeled oligo- 
15 m ers specific for the gene of interest or by screening an 
rpT(^mdneed lambda-gtll cDNA library using a spe- 
cific ( 32 *1-Labeled) antibody, 
d. Plasmids of positive colonies were isolated and inserted 
DMA fragments sub cloned into appropriate vectors to 

20 verify: 

toe entire length of the gene. 
Note: According to an improved method, the particular 
cDNA (eukaryotic sequences) or gen© (prokaryotic 
sequences) was amplified Using two specific oligomers by 

25 the method known as the polymerase chain reaction (PCR) 
(Saifc et, al, Science, Mil 239,. pp. 487-491, 198*). 
Subsequently, the amplified cDNAor DNA was insetted into 
the appropriate vectors. 
According to one aspect of the invention, suitable exprcs- 

30 sion cassettes are provided in wtrich the beterologcms DNA 
isolated by the previous procedure is placed between suit- 
able control sequences for transcription and translation, 
which enables the DNA to be expressed in the cellular 
sjygppmcnt of a suitable host, affiording the desired protein 

35 or proteins* Optionally; the initiation control sequences are 
followed by i secretion signal sequence 

Suitable control sequences have to be introduced together 
with the structural DNA. by said expression cassettes. 
Expression is made possible by transtbmiHliDa of a suitable 

40 host cell with a vector containing control sequences which 
are compatible with the relevant host and are in operable 
linkage to the coding sequences of which expression is 

desired. m 
Alternatively, suitable control sequences present in the 

45 host genome are empbyed. fepresskm is made possible by 
transfbrmation of a suitable host cell with a vector contain- 
ing coding sequences of the desired protein flanked by host 
sequences enabling homologous recombination with the 
host genome in such a manner that host control sequences 

50 properly control the expression of the introduced DNA 
As is generally understood, the term control sequences 
comprises all DNA seganento which are necessary for the 
pro per regulation of the expression of the c o di ng sequence 
to which they are operabry linked, such as operators, 

55 enhancers and, particularly, promoters and sequences which 
control the translation. 

The pictnoter may or may not be controllable by regu- 
lating its environment. Suitable promoters for prokaryotes 
inemfle, for example, the bp promoter (inducible by tryp- 

60 tophan deprivation), the lac promoter (inducible with the 
galactose analog WIG), the ^-lactamase promoter, and the 
phage derived P*. promoter (inducible by temperature 
variation). Additionally, especially for expression in 
Badflus, useful promoters include those for alpha-aurylase, 

65 protease, SpA spac and 0105 and synthetic promoter 
sequences. A preferred promoter is the oaa depicted in FIG. 
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Suitable promoters for oppression in yeast include the 
S^hospbo-gjycerate kinase promoter and those for other 
glycolytic enzymes, as well as promoters for aJcobo! dehy- 
drogenase and yeast phosphatase. Also smtcd are the pro- 
motes for transcription elongation factor (TCF) and lactase. 
Mammalian expression systems generally employ promot- 
ers and the SV40 promoter but they also in chide regulatable 
promotes such as the metaHotbioDcin promoter, which is 
controlled by heavy metals or ^nco-corricoid concentration. 
Presently, viral-based insect cell expression systems are also 
suited, as well as expression systems based OD plant cell 
promoters such as the nopaline synthetase promoters. 

Translation oontrol sequences include a ribosom© binding 
Site (RBS) in prokaxyotic systems, whereas in eukaryotic 
systems translation may be controlled by a nucleotide 
sequence containing an initiation cod on such as AUG. 

In addition to the necessary promoter and the translation 
control sequence, a variety of other control sequences, 
including those regulating termination (for example, result- 
ing in polyadenylarion sequences in eukaryotic systems) 
may be used in controlling expression. Some systems con- 
tain enhancer elements which are desirable, but mostly not 
obligatory, in effecting expression. 

The invention also discloses expression cassettes contain- 
ing still another heteiobgons coding sequence encoding an 
enzyme which catalyses, alone or in cooperation with one or 
more additional proteins, another step of the pathway of 
FIG. 1. 

A group of vectors denoted with pGBSCG-n, where M n" 
i is any integer from 1 to 17, is especially developed for the 

DNA encoding the P^^SCC enzyme* 

Another group of vectors denoted with pGB17o>n, where 
K n " is any integer from 1 to 5, is especially developed for the 
DNA encoding the P« 50 17a enzmye. 

A further group of vectors denoted with pGBC21-n, 
where "n" is any integer from 1 to 9, is especially developed 
for the DNA encoding the P^CSl enzyme^ 

Still another group of vectors denoted with pGBH(5-n, 
where V is any integer from 1 to 4, is especially developed 
for the DNA encoding the P^lip enzyme. 

According to a further aspect of the invention, suitable 
host cells have been selected which accept the vectors of the 
invention and allow the iifooduccd DNA to be expressed. 
When cultttring the transformed host cells, the proteins 
involved is the conversion of cholesterol to hydro -cortisone 
appear in the cell contents. The presence of the desired DNA 
can be proven by DNA bybridi2ang procedures, their tran- 
scription by RNA hybridization, 4eir expresston by immu- 
nological assays and their achvity by assessing presence of 
ujuJiztd products after incubation with the starling com- 
pound in vitro or m viva 

Transformed microorganisms are preferred hosts, particu- 
larly bacteria (more preferably Escherichia coB and Bacillus 
and Streptomyces specks) and yeasts (such as Saccharomy- 
ccs and Kluyveromyoes). Other suitable host organisms are 
found among plants and animals comprising insects, of 
which the isolated cells axe used in a cell arimxe, such as 
COS cells, cells, CHO cells, and Spodoptem fru- 
giperfa (Sf9) ceDs- Alternatively, a fransgemc plant or 
animal is used, 

A particular type of recombinant host cells are the ones, 
in which cither two or more expression cassettes of the 
invention havo been introduced or which have been trans- 
formed by an expression cassette coding for at least two 
heterologous proteins, enabling the cell to produce at least 
two proteins involved in me pathway of HG, L 
A major feature of the invention is that the prepared novel 
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oxidative conversion of steroids resulting eventually into 
bydrocortisons, but also to use these proteins on the spot in 
the desired oxidative conversion of the corresponding sub- 
strate compound added to the culture liquid. Steroids ire 
5 preferred substrates. The cells transformed with thee heter- 
ologous DMA are especially suited to be cultured wiih the 
steroids mentioned in FIG, 1, including other sterols sncb as 
0-sitosteroL As a result, oxidized steroids are obtained. 
Depending oh the presence in Ac host cell of a mufti- 
io pHciiy of heterologous DNA encoding proteins involved ui 
the pathway of FIG. 1, several bbehsmical conversions 
result comprising the a side-chain cleaving of a sterol and/or 
oxidative" modifications of CU, C17, C3 and C21. 
Therefore, the expression cassettes of the invention are 
is useful in constructing a multigenic system which can effect 
successive intra-ceUukr transformations of the multiple 
steps in the sequence as depicted in FIG. L It may be 
necessary to introduce into the desired host expression 
cassettes which encode in their entirety the required pio- 
20 terns. In some instances, one or more of the proteins 
involved in the pathway may already bo present in the host 
as a natural protein exerting the same activity. For example, 
ferredoxin, fcrredoxrn reductase and reductase may 
already be present in the bosL Under those orcumslances, 
35 only the remaining enzymes must be provided by recombi- 
nant transformation- 
's an alternative to biochemical conversions in viva, the 
proteins involved in the conversion of cholesterol to hydro- 
cortisone are collected, purified as far as necessary, and used 
30 for me in vitro conversion of steroids in a cell free system, 
* £ immn hflized on a colmnn. Altcgiariver^ the more 01 less 
purified mixture containing one or more enzymes of the 
pathway is used as such for Steroid conversion- One exem- 
plified host mrrr*fog DNA encoding two heterologous pro- 
35 teins viz. the enzyme P iCSO SCC and the protein ADX nec- 
essary for the production of pregnenolone. In comparison 
with & host with only P 4TO SOC DNA, the yield of preg- 
nenolone in a cell-free extract aflcr adding ADR, MADPH 
and cholesterol is considerably improved. 
. 40 The present urvtnrron provides expression cassettes nec- 
essary for the construction of a one-step production process 
for several useful steroids. Starting from cheap and abun- 
; dantly available starting compounds, it is especially suited 
fiom the production of hydrocortisone and intermediate 
» 45 compounds, Tbs invention renders obsolete traditional 
expensive chemical reactions. Mermediale compounds 
need not be isolated. Apart from the novel host cells, the 
I processes used tor cultaring these cells on behalf of steroid 
! conversions are analogous to blo^echnobgical procedures 
so well known in the art- 
It has now been accomplished to clone in one host 
l orgaaisou, the genes which code for the proteins which aye 
able to cataryze two separate oxidations oil the steroid 
i molecule arjdpartiailarry for the proteins shown in FIG. L 
f 55 In particular, it has been realized to clone the proteins 
; responsible* for the steroid 17a-rrydroxylation and for the 
Steroid C21-hydroxylation in one and the same host organ- 
r ism and to have said host organism express said proteins in 
a functional form. Moreover, in another aspect of the 



I nucro-<»gaiusms when grown in a fermentation m< 

oxidize a steroid substrate present in the medium simulta- 
5 neously at two different positions o £ the steroid molecnl e. In 
l particular, a one-step process is achieved for the introduction 

65 of lbe 17o> as well as the 21-hydroxyl group. 
1 A preferred host organism is IGuyveromyc&s lactis ox is 

<■» i. — *_.w.^ Km rvtVtpr Vmct rtfrt-anfcrnS and in 
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particular microorganisms, especially those previously 
mentioned, can bo used. More particularly, the micro- 
orgajiisoas are suitable which have been described above for 
cloning and expressing the genes of the biochemical path- 
way as shown k FIG. 1. 

One way to prepare a host able to carry out a multiple 
steroid oxidation is to transform the host with two or more 
vectors each containing the gene for one oxidation Step. One 
exemplified transformed host contains DNA encoding the 
P^lla and 3|J-HSDH proteins. Another way is to have the 
host transformed by one vector containing an expression 
cassette with all genes coding for the proteins necessary for 
the desired multiple oxidation reaction. According to the 
invention, the expression cassette contains at least two 
structural genes, each flanked by proper control sequences. 
One exemplified expression cassette contains DMA encod- 
ing the proteins P«5ol7a and P^-CZl (pGB17-o/C21-l). 

Using the method of the invention it is possible, using 
methods known in the art, to prepare analogous expression 
cassettes and host cells containing them, with which it is 
possible to carry out other multiple steroid oxidations and 
eventually the conversion of cholesterol into hydrocortisone 
in a single fermentation process. 

In another embodiment of the invention, the 30-hydrory* 
5-ene steroid dehydrogenase and 5-ene-4-ene steroid 
isomerase (3fi HSDH) form a bifnnctional enzyme which 
catalyzes two independent reactions transforming pre- 
gnenolone into progesterone. The protein of 42 kD is 
encoded by a single open reading frame, cDNA's and/or 
genes have been cloned from human (Lachance et aL, J. 
Biol Cbcm. 265 (1990) p 20469^-20475 ; Lachance et al f 
DNA Cell BioL 10 (1991) p 701-711), bovine (Zhao et aL, 
FEBS lett 259 (1989) p 153-157 and rat (Zhao et at, I BioL 
Cbenv 266 (1990) p 583-59*); Simard J. ct ai, J. BioL 
Chem. 265 (1991) p 14S42-14845). The determined 
^terminus corresponds to the deduced amino acid 
sequence. In human, two types have been described; type I 
3g HSDH has been isolated from placenta and is also 
expressed in skin; type H £{3 HSDH was isolated from 
adrenals and gonads. Nucleotide homologies between exons 
1 till 4 are 77.1, 91.8. 94 and 94% respectively and 94% at 
the amino acid level After expression in HeLa cells of the 
respective cDNA's, it was found that the type I enzyme is 
more active (Vmax/Kin) on pregnenolone, DHEA 
(dehydroepiandrosterone) and DHT (dmydrotestoslerone). 
This is primarily due to a lower Km, e.g. for pregnenolone 
(024 versus 12 pM). Even in the absence of a rmtochondrial 
targening sequence, the 3& HSDH enzymes are known as 
membrane -associated proteins, located in microsomal as 
well as in niitochondrinl membranes. 

In the following examples, there are described several 
preferred embodiments to illustrate the Invention. However; 
it should be understood that the invention is not intended to 
be limited to the specific embodiments. 

EXAMPLE 1 

Molecular Cloning of a Full-length cDNA 
Encoding the Bovine Cytoc hr ome P 45Q Side Chain 
Cleavage Enzyme (P^qSCQ 

General cloning techniques as wcU as DNA and RNA 
analyses have been used as described in the handbook of T. 
Marxians et al., Molecular Coning, Gold Spring Harbor 
Laboratory, 1982. Unless described elsewhere, all DNA 
modifying enzymes, molecular cloning vehicles and E. cell 
strains were obtained from commercial suppliers and used 
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appwams for DMA. and RNA separation and purification 
were nse-d according to insl merinos of the suppliers. 

Bovine adrenal scortex was prepared from freshly 
obtained bovine kidneys, quickly froze o in liquid nitrogen 

5 and stored at -80° C From frozen bovine adrenal cortex, 
to til cellular RNA was prepared as described by Aiifircy el 
ai (Eur. J. Biochenu VbL 107, p. 303-314, 1980). Adrenal 
poly A+ RNA was obtained by beating the total RNA sample 
at 65* C before poly A selection on o!igo(6T) cbromatog- 

io rapby* 

DNA's complementary to poly A* RNA from bovine 
adrenal cortex were synthesized as follows: 10 of polyA* 
RNA, treated with incthylmcrcttric hydroxide were nenlral- 
ized with (3-mcxcaptoethanol and the mixture was adjusted 

15 to50inMTris/HaQ«83at42*CX^niMKC3,6n^ 
MgCt 10 mM DTT, 3000 U RNasinyml, 4 mM NaJP 2 0„ 
50/zg iciinomycine D/ml, 0.1 mg ofign(dT a3 ^ ae )/Dal, 05 mM 
dGTP, 05 mM dATP, 05 mM oTTP, 025 mM dCTP and 
400 a£J a **P-6CT?ftnK all in a final vcJume oflQO/iL The 

20 mixtu re was put on ice for 10 niiiruies* heated for 2 minutes 
at 42* C and the synthesis was started by addition of 150 U 



mcubarlon was performed for 1 hour at 42° C 

Second strand synthesis was performed by adding DNA 

25 polymerase and RNase H according to Gublcr el al (Gene, 
\bL 25, pp. 263-269, 1983). After treatment of the ds DNA 
with T4 DNA polymerase (BRL) lo obtain blunt ends, 
decamcriA EcoRI linkers (Biolabs Inc.) were ligaied to the ds 
DNA fragments. After digestion with EcoKHmkers by 

30 Biogel A15 m (Bio-Rad) chromatography. Approximately 
200 ng EcrjRI-Ifnker containing double Stranded cDNA was 
Hgated wiih 10 f*% of EcoRI digested and calf intesdne- 
pbosphatasc (Ik>ebringcr) treated with lambdagtU vector 
DNA (Promega) by T4-DNA ligase (Boehringer) as 

* 5 described by Huynh at aL @rc ^NA caning techniques: A 
practical approach", pp. 49-78, Oxford JRI^prcss, 1985). 
Phages obtained after in vitro packaging of the ligation 
mixture were used to infect the E. eoU Y1090 host 



40 (Promega). 



From this cDNA library, ar^roximately 10* plaque form- 
ing units (pfh's) were screened with a ^-end labeled 
synthetic oligomer SCCM (5**GGC TGA CCAAGT CCT 
GAG ACA CTG GAT TGA GCA CTGG4*), (SEQ ID NO: 
1) specific for bovine P 450 SCC DNA sequences as described 
by Morobashi el &1, (Proc. NatL Acad> Sd USA, \bl Si, pp. 
4647-4651, 1984). Six hybridizing pfii's were obtained and 
farther purified by two additional rounds of infection, plat- 
ing and hybridisation,' V» F<5oSCCcDNA EcoRI inserts 
50 were subdoned into Ihe EcoRI site ofpTZ18R (Pharmacia). 
Oone pGBSCC-1 (FIG. 2), containing the largest EcoRI 
insert (JL4 Kb), derived from the clone lambdaglll SCC-54 
was further analyzed by restriction enzyme mapping and 
sequencing* 

55 The sequence data revealed that the pGBSCOl EcoRI 
insert was identical with the nucleotide sequence of 
SCCcDNA between positions 251 end 1824 on the 
P^CCdDNAmap as described by Morobashi et aL 
Tbs remaining 5'-P 450 SCCdDNA nucleop tides were syn- 

60 mentally derived by cloning a 177 bp PsVHindlTI fragment 
(SEQ ID NO: 2) into Ihe appropriate sizes of pTZlSR, 
resulting m the fTZJsya lead as shown in FIG. 3, containing 
besides the nucleotides coding for the mature P dSo 3CC 
protein from position 188 to 273 as published by Morobashi 

65 et al, additional restrictive sites for Seal, AvrH and Stnl 
without affecting ths predicted amino acid sequence of the 
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The fall-length P< 5Q SCCcDNA was constructed by 
molecular cloning in E. coU JM101 (ATCC 33876) of a 
ligation mixture containing the 1372 bp HincUII/Kpol 
pGBSCC-1 fragment, the 177 bp Fsl/HindHI pTT/syn lead 
fragment pTZ19R DMA digested with Psii and KpnL 
The resulting plasmid, pGBSCC-2, con taming afl cncleoude 
sequences caoodiag the mature bovine P« 50 side chain 
cleav&gje proiein is shown in FIG- 4. 

EXAMPLE 2 

Construction, Trar^ formation and Expression of 
P 4>S0 SCC in Ihe Bacterial Host Bacillus subtilis 

To derive expression of cytochrome P^oSCC in a Bacil- 
lus host, P 4J0 SCCcDNAsequenccs were transferred to an £. 
o>/(/Baculiis shuttle vector pBHA-1- 

HO. 5 shows the nucleotide sequence of the shuttle 
plasmid pBHA-1 (S£Q ID NO: 3> The plasmid consisls of 
positions 11-105 and 121-215: bacteriophage ED termina- 
tor (double); positions 221-307: a part of plasmid pBR322 
(viz. positions 2069-2153); positions 313-768: bacterioph- 
age Fl> origin of replication (viz. positions 5482-5943) 
positions 772r-2571: part of plasmid pBR322> viz. the origin 
of replication and the {J-lactamasc gene; positions 
2572r-26&5: transposonTN903, complete genome; positions 
271 p— 2772; tryptophan terminator (double): positions 
2773-3729: liansposon Tn9 p the chlorampheaicokcctyl 
transferase gene. The rmcleotides at position 3O05 (AX 3038 
(C), 3302 (A) and 3409 (A) difered from the wild type cat 
coding sequence. These mutations were introduced to elimi- 
nate the Ncol, Ball, EcoRI and PvuH sites: positions 
3730-3804: multiple cloning site; positions 3807-7264: part 
of plasmid* pUBllO containing the Bacillus 'HpalT 
promoter, the replication function and Jranamycm resistance 
gene (EcoRL-PvuII fragment) (McKenzie et aL, Plasmid, 
\bL 15, pp 93-103, 1986 and McKenzie et aL, Plasmid, VbL 
17 r pp. 83-85, 19S7); posniorrs 7267-7331: multiple cloning 
site The fragments were put together by known cloning 
techniques, e*g. fining in of sticky ends with IQenow, 
adapter cloning, etc. All data were derived from Geabank®, 
National Nucleic Acid Sequence D*tt Bank, NUT, USA- 

pGBSCC-3 .was derived by molecular d Doing in E> coli 
JM101 of the Kpnl/Sphl P^ 0 SCCcDNA insert of 
pGBSCC-2 (described in Example 1) into the appropriate 
sites in pBHA-1 as mdicaled in HO- 6. 

By mnjecular cloning in E. co& JM101, the methionine 
initiation codon was introduced by exchanging the Stul/Sphl 
(SEQ ID NO: 6) fragment in jjGBSCC-3 by & synthetically 
derived SpM/Stul fragment. 



grp. i 

f^^ayTO^ggAgERAC ^C^CTaC G {SEO ID 5*0:4) 
HD£ 1 



containing an Ndel site at the ATG iaMation codon. The 
obtained plasmid pGBSCCM is shown in FIG. 7. The "Hpa 
IT* Bacillus promoter was introduced upstream of 
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the shuttle plasroid by agarose gel electrophoresis and 
subsequent reJigation and transformatson into Bacilhis sub- 
aRs 1A40 (BGSC 1A40) competent cells. Neomycin resis- 
tant colonies were analyzed and the plasmid pGBSCC-5 

5 (FIG. #) was obtained. Expression of bovine P^qSCC was 
studied by preparing a cellular protein fraction of an over- 
night culture at 37* C. in TSB medium (Giboo) cnrttffimng 
10 //gAnl of neomycin. Cells of 100/4 of culture, co d fining 
approximately 5.1 0 6 cells, were harvested by centnfogation 

l0 and resuspended in 10 mM Tds/HQ pH 7.5. Lysis was 
performed by adding lysozyme (1 rag/ml) and incubation 
during 15 minutes at 37° C After treatment with 0-2 mg 
DNase/ml during 5 minutes at ST C, the mixture was 
adjusted to lxSB buffer, as described by Laemnili, Nature, 

15 Vol 227, pp. 680-685, 1970, in a final volume of 200 /J. 
After beating for 5 minutes at 100° C, 15/Jof tbemrxture 
was subjected to a ISK of SDS/polyacrylarnidc gel elec- 
trophoresis. As shown in FIG. 9 Q&nc Q, a 53 KDa band 
could be detected aflcr immunoblotting of the gel probed 

20 with P^oSC c specific annbodies. Specific bovine P^qSCC 
antibodies were obtained by immunization of rabbits with 
purified P^CC protein isolated from bovine adrenal cor- 
tex tissue. 

25 EXAMPLE 3 

Expression of P 4g0 SCC in the Bacterial Host 
BttdSus Uchemfdrnds 

Expression of bovine P^SCC in B. UdiemformU was 
performed by transformation plasnrid pGBSCC-5 into the 
appropriate host strain 2?„ Hckemformis TS (CBS 470-83). A 
cdlnjar protein fraction prepared as described in Example 2 T 
from an overnight culture at 37* C in Irypton Soy Broth 
35 (TSB) medium (Oxoid) containing 10 //gAnl of neomycin, 
was analyzed by SDS/KAGE and Westem-blottmg. As 
shown in FIG. 9 (lane f), a 53 iDa sized protein band was 
visoated after incubation of (he mtTtvftlrriTrise filler with 
antibodies specific for bovine P 4 ^Cd One transform ant, 
SCC-201, was further analyzed for in vivo activity of 
P^SCC (see Example 11> 

EXAMPLE 4 



30 



40 



45 



Expression of P 450 SCC in the Bacterial Host 
Escherichia. CoU 



(a) Consiroction of tha Expression Cassette 
lb derive a suitable expression vector in the host.£ coli 

for bovine P 450 SCC, pTZl8R was mutated by site-directed 
50 mutagenesis as described by ZoHer et aL (Methods in 

Enzymok>gy> VbL 100, pp. 468-S00, 1983); Zoller et al. 

(Methods m Enzymology; \feL 154, 329-350, 1987) and 

Kramer et a] .(Methods in Enzymology, VbL 154, pp. 

350-367, 1987). Plasmids and strains for in vitro mutagen- 
s$ csis experiments were obtained from Pharmacia Inc. 
A synthetic derived oligomer with the sequence: 



s'-cag g*a" Aca cja 30& acc arc arr-3*(ssQ m to:7> 

I 1 



«5 



was used to create an Ndel restriction site at the ATG 
initiation codon of the Jac Z gene in pTZ18R- The resulting 
plasorid pTZlSRN was digested with Ndel and Kpnl and the 
vw-t^t TiMA ff*vrneTir of ftfrRSCC-4 containine the 
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fall-length SCCcDNA, was inserted by molecular cloning as 
indicated in FIG. 10. The transcription of P^CCcDKA 
sequences in the derived phsnnd pGBSCC-17 will be driven 
by the R cpH lac-promoter. 

(b) Expression of P 4CT SCC in the Host E. cob JM10I 

pGBSCC-17 was introduced into & coU. JM101 compe- 
tent ccCs by selecting ampidUin resistant colonies. Expres- 
sion of cytochrome P^qSCC was studied by preparing a 
cellular protein fraction (described in Example 2) of trans- 
fortnants SCC-301 and 302 from an overnight culture at 3T* ' 
C in 2xTY medium (containing per liter of de-ionized 
water Bacto tryptone (Difco), 16 g; yeast extract (DjFco), 
10 g and NaQ, 5 g) containing 50 /<gfol of ampiollin- 

Protein fractions were analyzed by SDS/PAGE stained : 
with Coomassie brilliant blue (FIG. 11A) or by Wcstern-blol 
and probed, with antibodies specific for bovine ? A5C ^CC 
(FIG. 11B). Both analyses show a protein of the expected 
length (FIG. 11A, lanes land 2 and in FIG. UB, lanes 3 and 
4) for the transformants SCC-301 and SCO302, rcsp-, 
which is absent in the £. coll JM101 control strain (FIG. 
HA, lane 3 and FIG. HB, lane 2). 

EXAMPLES 

Construction, Transformation and Expression of 
P^oSCC in the Yeast Kkcyverornyces lactis 

(a) Introduction of the Gcuetiein Resistance Marker id 

pUC!9 . 
ADNA fragment comprising the Tn5 gene (Reiss el aL F 

EMBO J., VbL 3, pp. 3317-3322, 19B4) Conferring resist 
tance to geneticm under the direction of the alcohol dehy- 
drogenase- I (ADHQ promoter from SI c£rev£s£ae, similar to 
that described by Bennexzen et al 0. BioL Cbem, Vol. 257, 
pp. 301S-3025, 1982) was inserted into Smal site of pUClS 
(Yanisch-Penon et aL, Gene., VbL 33, pp. 103-U°, 1985)- 
The obtained plasrnid, pUCG4l8, is shown in FIG. 12. 

EL coZ containing pUOG418 was deposited at Centraal 
Bureau voce Schinrmekulrures under CBS 872.87. 

(b) Construction of the Expression Cassette 

A vector was conEtrucled, comprising pUCG4lS (for 
description sec Example 5(a)) cut with Xbal and HindlH, the 
Xbal-Sall fragment from pGB901 co pfaining the lactase 
promoter (see van den Berg et aU Q>ntiimarion-m-part of 
VS. patent appHcarion Set No. 572,414: Kluyveromyces as 
a host strain) and synthetic DMA comprising part of me 3* 
noncoding region of (he lactase gene of K. lactis. This 
plasmid, pGB950, is depicted in HG. 13. pGB950 was cut 
with Sail and Xhol and synthetic DNA was inserted: 



resulting in pksrnid pGBSC06 as shown in FIG. 13. 

The StuI-EcoRI fragment from pGBSCC-2 (see Example 
1) obtaining the F 450 SCC coding region was isolated and 
me sticky end was filled in, using Klenow DNApoIymerase, 
. . This fragment was inserted into pGBSCC-6 cut with StuL 

The plasmid containing the fragment in the correct orienia- 
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(c) Transformation of iC Irtcds 

KL hens strain CBS 2360 was grown in 100 ml of 
YEPD-medium (1% yeast extract, 2% peptone, 2<& glucose- 
mooohydiatc) eoiilaiiiing 25 ml of 6.7% (w/w) yeast nitro- 

5 gen base (Difco laboratories) solution lo an OD^q of about 
7. From 10 ml of the culture* the ceDs were collected by 
ccatrifngation, washed with TE-buifcr (10-mM Tris-HCl pH 
75; 0.1 mM EDTA) and resuspsoded in 1 ml of TE-buffer. 
An equal volume of 0J2 M lithium acetate was added and the 

10 mixture was incubated for 1 hour at 30* C in a shaking 
watcrbalb. 15 y% of pGBSCC-7 was cnt at the unique Sacfl 
site in the lactase promoter, ethannl precipiLaled and resus- 
pended in 15 (& of TE-bufficL This DMA. preparation was 
added to 100 fA of the pre-incttbated ceDs and the incubation 

15 was prolonged for 30 minutes, Then, an equal volume of 
70S& PEG 4000 was added and the mixture was incubated 
for 1 hour at the same temperamre, followed by a heat shock 
of 5 minutes at 42* C Then, X ml of YEPD^ediurn was 

29 added and the ceDs were incubated for 90 minutes in a 
shaking waterbath of 30* C Finally, the cells were collected 
by centrifogarion, resuspended in 300 fd of YEPD and 
spread on agar plates cemtainmg 15 ml of YEPD agar with 
300 /zg/ml of genericin and were overlayercd 1 hour before 

25 use with 15 ml of YEPD-agar without G418. Colonies were 
grown for 3 days at 30* CL 

(d) Analysis of the Transfbrmants 

Trmsformants and the control strain CBS 2360 were 
grown in YEPD medium for about 64 hours at 30* C The 
so cells were collected by centrifuganoD, resuspended in a 
physiological salt solution of an 0D ft 0 of 300 and disrupted 
fry ghartn g with glass beads for 3 minutes on a Vortex shaker 
at murimtim speed. Cell debris was removed by centrim- 
gation for 10 minutes at 4500 ipm in a Hcaraeus Christ 
35 minifiige GI~ From the supernatant*,, 40 /d samples were 
taken for analysis on immunoblots (see FIG. 15 A, lane 3 and 
PIG- 15B, lane 4). 

The results show that a protein of the expected length is 
expressed in K, lands cells transformed with pGBSOC-7. 
The transform an was denoted as K. lands SCCO.01. 

EXAMPLE 6 

Construction, Transformation and Expression of 
45 P 450 SCC in the Yeast SacdiaroTTtyces Cerevisiae 
(a) ConstrnctiDn of the Expression Cassette 

16 delete the lactase promoter, pGB9S0 (see Example 
4(b)) was cut with Xbal and Sail and the sticky ends were 
filled in using Klenow DNA polymerase and subsequently 
50 bgated. In the resulting plasmtf, pGBSCCS, the Xbal-site 
was destroyed, but the Sail site was maintained. 



40 



The Safl-fjagment from pGB161 (sec J. A. van den Berg 
et aL, European Patent No. 96,430) c<mlaining the isocyto- 
chrome Q (eye 1) promoter fiom 5. cerevtsiae was isolated 
and partially digested with XhoL The 670 bp Xhol-Sall 
fragment was isolated and cloned into the Sail-sue of 
pGBSCC-8. la the selected plasmid; pGBSCOQ, the Sail- 
& site between the eye 1 promoter and the 3 f ncmcoding region 
of the lactase gene was maintained (FIG. 16) (HindHl 
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The Sall-HiiuSII fragment from pGBSCC-7, containing 
the P -JO SOC coding region was inserted in pGBSCC-9 cut 
with Sail and HiodHI. b the resulting plasmid, pGBSCC- 
10, the P^qSCC coding region was downstream to the eye 
1 promoter (FIG. IT). 

(b) Transformation of £ cerevisuie 

£ cerevisiae strain D273-10B (ATCC 25657) was grown 
in 100 ml of YEPD ovcnrighl at 30* C-. subsequently dilated 
(1:3.0000) in fresh medium and grown to an UD aD of 6. The 
cells from 10 ml of the culture were collected by cemrifu- 
garJon and suspended in 5 ml of TE-bufrer. Again, the cells 
were collected by centrifugatioQ, suspended in 1 ml of the 
TE4)ufibr and 1 ml of 0-2 M KAnnm acetate was added The 
cells were incubated for 1 hour in a shaking w&tcrbath at 30* 
C 15 of pGBSCC-10 were cut at the unique Mlul-site in 
the eye 1 promoter, ethanol precipitated and ^suspended in 
15 /d of TE, This DNA preparation was added to 100 fd of 
tbe pre-incubatcd yeast cells and incubated (shaking) for 30 
minutes at 30* C After addition of 115 /d of a 70% 
PEG4000 solution, the incubation was prolonged 60 minutes 
without shaking. Subsequently, a heal shock of 5 minutes at 
42° C was given to the cells and 1 mlofYEPD medium was 
added, followed by an one and one-half hour incubation at 
30° C in a shaking waterbath. Finally, the cells were 
collected by centrifugation, resuspended in 30 /d of YEPD 
and spread on YEPD agar plates containing geneticin (300 
fjgfoi). Colonies were grown for three days at 30* C. 

(c) Analysis of the Transform ams 

Transfbrmants and the control strain were grown in 
YEPI^medium (1% yeast extract, 2% bactopeptone, 3.48% 
K^HPO* and 2J2% of a 90% L-(+)-lactic acid solution; 
before sterilization, the pH was adjusted to 6.0 using a 25% 
n E^fwin solution) for 64 hours at 30° C Further analysis 
was done as described in Example 5(d). The immunoblot- 
analysis demonstrated the expression of P 4SO SCC in S. 
ceruvistee (FIG. ISA, lane 1). 

EXAMPLE 7 

Construction, Transformation and Expression of 
Prc-P^joSCC Encoding DNA in the Yeast 
IQuyvervmyces laais 
(a) Construction of the Expression Cassette 

PUsmid pGB950 (see Example 5(b)) was cut with Sail 
and Xhol and synthetic DMA was inserted: 



iC6TT&CMC&cgig*aacca^ ^ 

£222 I xsp__i 

TocTooaftacATOcra^sftc^ tg acccCT^caJTe (szq to aosii) 

aoS&CX<a3PG ^!CAJ C ATTCTG3^BGavI!CCC6ia3caCCI!ftftCRPCT (SBQ ZD 130:12) 
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rcsnlmg in phsmid pCBSCC-11 (FIG. IS). Analogous as 
described in Example 5(b), the P 450 scc region of 

pGBSCC-2 was inserted into pGBSCC-11 cut wiih Stui 
The plasmid containing the fragment in the correct orienta- 
tion was called pGBSCC-12 (FIG. IS). 

(b) TnnsfoniuiSota of £ foerir and Analysis of the Trans- 
fbrmants 

Transformation of £ lactis with pGBSCC-12 was per- 
formed as described in Example 5(c\ The transformants 
were analyzed as described in Example 5(d). The analysis 
demonstrated the production of P 450 S0C by 2C kerfs (FIG- 
15B* lane 3). 



EXAMPLE 8 



Construction, Transformation and Expression of 
Pt ^PasoSCC Pt^nd^Tig DNA in the Yeast 
Saccharomyces cerevbtoe 



(a) Construction of the Expression Cassette 

The SafrHindm (HjiuTTTT partially digested) fragment 
from pGBSC012 containing the pre-P 450 SCC coding 
region was inserted in pGBSC09 oil with Sail and HindHL 
The resulting plasaud was called pGBSCC-13 (FIG. 19). 

(b) Transformation of S. cerevisiae and Analysis of the 
Transfonnants 

S. cerwbiae strain D273-10B was transfixed with 
pGBSCC-13 as described in Example 6Q>) : The transfor- 
mants were analyzed as described in Example 5(c). The 
result, shown in FIG. 15C (Une 3), demonstrated the expres- 
sion of P450SOC hy SL cerevisiae. One transfbrmant, SCO 
105 > was further analyzed for in vitro activity of 
(see Example 12). 
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EXAMPLE 9 
Cbnstrti£liQn, Transformation and Expression in 
Khiyvzrvmyces loads of P 45D SCC Sequences Pustd 
to the Pre-region of Cytochrome Oxidase VI from 
Saccharvmyces cerevisi&e 
(a) Construction of the Expression Cassette 

Plasmid pGB950 (see Example 6(b)) was cat with Sail 
and Xhol and synthetic DMA was inserted: 



SAL T. 

CTMCGMCTCGTCC»CGAAirai«ra 

5 TO 1 xno 1 

CAGAZAGflACAJTCyurEACT^ (SZQ ZD BO*J3> 

gTCTT llATTiaCl CA^gAJTCTG&CGATCCG<I&IRCCIAAI^GC I (SBQ I 

resulting in plasmid pOBSC014. 

The amino acid sequence from the cytochrome oxidase VI 
(COX VI) pie-sequence was taken from the article of Wright 
ct bL (L Biol Cherry M>L 25P, pp. 15401-15407. 1954). The 
synthetic DKA was designed, using preferred yeast codons. 
The P^pSCC coding region of pGBSCC-2 was inserted into 
pGBSCC-14 cut with StuI, similarly as described in 
Example 5(b). Hie plasmid containing the P 4S0 5OC coding 
sequence in frame with the COX VI pre-scqnence was called 
P GBSCOl5 (FIG. 20> 

(b) Transfomuticin of K. ladu and Analysis of the Trans- 
form anls 

Transformation of K. lactis with pGBSCC-15 was per- 
formed as described in Example 5(c). The transform ants 
were analyzed as described in Example 5(d)- The result 
(FIG. 15B, lane 2) shows that P^^SCC was expressed. 

EXAMPLE 10 

Construction. Transformation and Expression in 
cercvisiae of P 4W SCC Sequences 
Fused to the Pro-region of Cytochrome Oxidase VI 
from Sacch tu Ofityccs cetsvist&& 

(a) Construction of the Expression Cassette 

Toe SaJU-Hindni (HmdEH partially digested) fragment 
from pGBSCC-15, containing the coding region for 
P^oSCC fused to toe COX VI pie^equence, was inserted in 
pGBSCC-9 cat with Sail and Hmdm. The resulting plasmid 
was called pGBSOC-16 (FIG. 21). 

(b) Transformation of £ cerevtsine and Analysis of the 
Transfonnants 

51 cerevistae strain D 273-1 OB was transformed with 
pGBSCC-16 as described in Example 6(b). The transfior- 
mants were analyzed as described in Example 6(c). The 
result, shown in FIG. ISC (lane 2\ demonstrated the exprcs- 
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20 EXAMPLE 11 

la vivo Activity of ? AS fiCC in BaciUus 
licherufarmis SCC-201 

B. Udienlformis SCC-201 was obtained as described in 
35 Example 3 and the organism was inoculated in 100 ml of 
medium A. Medium A consisted o£ 



30 CSldoa dJoride^icjabydialc * B 

ADmomnm. sulfate 5 £ 

Mi gn** 7 "™ ciiloaidfi-icahydretc 125 g 

Distffl^walcr *» ml 

Aftfifetm (SAG 5693) °^ m B 
Ifrca element* Hock. soIduot. coDtaified per 1 of distilled 



After stcriKziOion and cooEag to 30° C. to complete the 
medfinn), 60 g of maltose-monobydratc dissolved in 200 ml 

50 of distilled water (sterilized 20 minutes, 120° C), 200 ml 1 
M of potassBiin phosphate buffer (pH stm"li7ftd 20 
immnes, 120° C.) and L7 g of Yeast NIirDgcn base (Difco) 
dissolved in 100 ml of distilled water (sterilized by mem- 

55 bran* filtration) were added to the medium- The culture was 
grown for 64 hours at 37° C. and subsequently 2 ml of this 
culture were added as inoenhun to 100 ml of medium A 
containing 10 mg of cholesterol Cholesterol wis added as 
a solution containing cholesterol 10 mg Tergitol w &thanol 

60 (1:1, v/v), 0.75 ml and Tween 80* 1 * 20 The cnlmre was 
grown for 48 hours at 37° G. whereupon &e culture was 
extracted with i00 ml of dichloromethane. The mixture was 
separated by oentnfugarion and the organic solvent layer 

^ was collected. The. extraction procedure wis rcp&aled twice 
and the 3x100 ml of dichlozomethane fractions were pooled. 
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and the dried extract (approximately 450 mg) was analyzed 
for pregnenolone using a gas chrom&togrzpb-mass spec- 
trometer combination. 
GC-MS Analysis. 

From the. dried extract, a defined amount was taken and 
silylatcd by adding a mixture of pyridine bis^trimeffiyi- 
sQyQ-lxirlttoroacetamide and trimethylchlDrosilanc. The 
sflylated sample was analyzed by a GL-MS-DS combination 
(Carlo Erba MEGA 5160-Finaigan MAT 311A-Kratos DS 
90) in the selected ioa mode. Gas chromatography was 
performed under the following conditions: injection moving 
needle al 300° C4 column M-cpsil29 0.25 inner diameter of 
df 0l2 fim operated at 500° C isotherm; direct mtrodnction 
into MS-sourcc 

Samples were analyzed by monitoring ions m/z 298 from 
pregnenolone al a resolution of BOO. From the 
measurements, it was clear that in the case of the host strain 
B* Ucheniformis T5, no pregnenolone could be detected 
(detection limit 1 picogram), whereas in the case of A 
Uchemfbrrms SCC-201, production of pregnenolone easily 
could be monitored- 

EXAMPLE 12 

In vivo Activity of P^oSCC from Sacchaicmyces 
cerevisiae SCC-lOS 

s £ cerevisine SCC-105 was obtained, as described in 

Example & and the organism was inoculated in 100 ml of 
medium B. Medium B contained per liter of distilled water 



Vcasl extract 3D B 

Barfo Peplane (Oxuid) 20 g 

Lactic >cfc (90S) 20 g 

pH - 5-5 (adjntcd will aTtrctwrii*, 25* W*) 



This culture was gjown for 48 hours at 30* C- and 
snbscqnently» this culture was used as inoculum for a 
fennentor containing medium C Medium C consisted of: 



Ycftst cxdw* 

Badfi Peptoao (OccoU) 
Lioic acid £0*) 
Ptpotassixim hydiogra pbo^t»la 

pH W ad^BL&d it pff - ^0 witk umnos* (25%) ani Uw 
fenn caktf gdafltng the nnfimn was tfcpHttd (1 ton* 
220" a> 



After cooling, 2.4 g of genetirin dissolved in 25 ml of 
distilled water were sterilized by membrane filtration and 
added to the medium- The inoculated mixture was grown ia 
the stirred reactor (800 rpm) at 30? while sterile air was 
passed tbrou^x the broth al a rate of 300 1/h and the pH was 
automatically kept at 6.0 with 4N H^SO* and 5% NH^OH 
(5% NH*OH in distilled water; sterilized by membrane 
filtration). After 45 hours, a feed of lactic acid (90%, 
sterilized by membrane filtration) was started al a rate of 20 
g/h. The fermentation was then resumed for 40 hours, 
whereupon the cells were collected by centxifiigation 
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The pellet was washed with 0-9% (w/w) Nad, followed 
by centralisation (40Q0*£, 15 minutes); the pellet washed 
with phosphale buffer (50 mM. pH =7.0) and cells were 
collected by cemrifiigatiou (4 .OOOxg, 15 aaimites). The pel- 

$ let was taken up in phosphate buffer (50 mM, pH=7.0) 
resulting in a suspension of OS g wet weigbtML This 
suspension was treated in a Dyuo^-mill CWlly A. Bach of en 
Maschinenfabrik, Basel, Schwciz). Unbroken cells were 
removed by centrirugauou (4,000xg, 15 minutes). The cells- 

10 free extract (2250 ml, 15-20 mg protan/ml) was stored at 
-20* C. 

P 4$0 S0C was roughly purified by the following proce- 
dure From 50 ml of thawed cell-free extract, a rough 
!5 membrane fraction was pelleted by ultraceotrifogation (125, 
OOOxg, 30 minutes) and resuspended in 50 ml of a 75 mM 
potassium phosphate solution (pH 7.0X containing 1% of 
sodium chelate. This dspersion was gently stirred for 1 hour 
at 0* (X and subsequently centrifiigated (125,000xg* 60 
20 minutes), lb the thus obtained supernatant cont a i ni ng soh- 
bilized membrane proteins, (NH^^SO^ was added (30% 
w/v)„ while the pH was kept at 7.0 by adding s mal l amo unts 
of NH4OH solution (6N)- The suspension was stirred for 20 
25 min utes at 0* G* after which the fraction of precipitated 
proteins was collected by centrifugaliDn (15,0OOxg, 10 
minutes). The pellet was resuspended in 25 ml with 100 
mM potassium phosphaie buffer (j?H 7.0) containing 0.1 
mM ditticHbreitol and 0.1 mM EDTA- This suspension was 
30 cmted over a gel filtration column (PD10, Pharmacia), 
yielding 33 ml of a desalted protein fraction (6 mgtal), 
which was assayed for P^SCC activity. 

P 4W SCC activity was determined by an assay which was 
35 essentially based on a method of Doering (Methods 
Enzymology, M>L 15, pp. 591-596, 1969). The assay mix- 
ture consisted of the following sohitionyw 

Solution A (natural p 4SO SOC electron donating system): a 
10 mM potassium phosphate buffer (pH 7.0) containing 3 
40 mM of EDTA, 3 mM of plienylmethylsulfonyl fluoride 
(PMSF), 20 jM of adrcnodoxin and 1 fdA of adrenodaxin 
reductase (electron carriers; both purified from bovine adre- 
nal cortex), 1 mM of NADPH (electron donor) and 15 mM 
45 gmcose-o^hosphate and 8 unftsAnl of glucosc-o^pbosphale- 
dehydrogenase (NADPH generating systems). 

Solution B (substrate): a micellar sortition of 37 5 fM 
cholesterol (doubly radiolabeled with [26^7-^C] choles- 
terol (40 OAnol) and [7o-*El] cholesterol (400 Ctaol)) in 
50 10% (v/v) Ttrgjml™ NPWethanoI (1:1, v/?> 

The assay was started by mixing 75 pH of solution A with 
50 t& of solution B and 125 /d of the roughly purified 
P430SCC fraction (or buEei as reference). The mixture was 
55 stirred gently al 30* C Sarnples (50 /d) were drtwn after 0, 
30 and 180 mimitcs and diluted with 100 /4 of water. 
Methanol (100 /d) and chlorcfonn (150/d) were added to the 
diluted sample. After extraction and ccnlrirugatiDn (5,000* 
g, 2 minutes), the chlorofbrm layer was collected and dried. 
60 The dry residue was dissolved in 50 /d of acetone containing 
0.5 mg of a steroid nuxturc (cholesterol, pregnenolone and 
progesterone (1:1:1, w/w/w) and subsequently, 110 /A of 
concentrated formic add were added. The suspension was 
65 heated for 15 minutBS at 120* C Then, the 1< C/ 3 H ratio was 
determined by double label liquid sdndllatioD counting. 
Tiifc ratfn ?n a rHrect measure for the side chain cleavage 
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reaction because the 14 OUbeJed side chain was evaporated 
from the mixture as isocaprylic acid during the hearing 
procedure. 

Using this assay, it was found that the P <50 SCC fraction, 
roughly purified from S. cerevzsia* SCC-105, showed side 
chain cleavage activity. During 3 hours of incubation, 45% 
of the cholesterol bad been converted. By means of thin 
layer chromatography, the reaction product was identified as 
pregnenolone. 

EXAMPLE 13 

Molecular rWng of a Foil-length cDNA 
Encoding the Bovine Cytochrome P^o Steroid 
l7o>Hydrt3xylase (P^o^a) 

Approximately 10 6 pin's of the bovine adrenal cortex 
cDNA library described m Example 1 were selected for 
P^lTocDNA sequences by screening with two ^-end . 
labeled synthetic oKgomeis specific for P^DNA Oligo- 
mer 17a-l (y-AGT GGC CAC TIT GGG ACG CCC AGA 
GAATrC-3 t (SEQ ID NO: 15)) and ohgmer 17a-2 (5*-GAC 
OCT CCT GGG GTA CTT GGC ACC AGA GTG CTT 
GGT-3* (SEQ ID NO. 16)) are complementary to the bovine 
P i4$a SCCcDNA sequences as described by Zubcr et aL (J* 
Biol. Chem., VbL 261, pp. 2475-24*2, 1986) from position 
349 to 320 and 139 to 104, respectively. 

Selection with oligomer 17o>l revealed ±1500 hybridiz- 
ing pfti»s. Several hybridizing pfn's were selected, purified 
and scaled up for preparative phage DNA isolation- The 
EcoRI siio inserts of the recombinant lambda-gill DNA's 
were snbdoned in the EcoRI site of pTZ18R, One done, 
pGBl7a-l, was fisrther characterized by restriction endo- 
nuclcase mapping and DNA-sequencing. Plasmid 
pGB17a-l contained an 1.41* EcoRI insert complemenlary 
to the 3 part of P 4go l7a from the EcoRI site at position 320 
to the polyadeaylarjon site at position 1721 as described by 
Znber et aL A map of pGBl7a-l is shown in FIG. 22A 

Eight hybridizing pfii's were obtained by selecting the 
cDNA library with oligomer 17o>2. Afier purification, 
up scaling of recombinant phages and isolation of rec lamb- 
dagtU DNA's, EcoRI insartswc^ siibclnned in the EcoRI 
site of pTZlSR. EcoRI inserts varied in length from 270 bp 
to 1-5 kbp. Only one don e, pGB 17 o>2 amtaining a 345 bp 
EooFI-fragmcntp was farther investigated by nucleotide 
syqq^icfng and compared with the published P 450 17acDNA 
sequence data by Zubcr et aL As shown In FIG. 22B> mc 
p ij50 17acDKA sequence in pGB17o>2 started 72 bp 
upstream the predicted AUG start codon at position 47 and 
showed complete homology with the 5' part of 
P 450 l7cxDNA till the EcoRI site at position 320 as 
described by Zubcr el aL 



A full-length bovine P 1<50 l7oxDNA was constructed by 
■ - molecular cloning in R coli JM101 of & ligation mixture 

* conUzicng a partial EcoRI digest of pGB17a-i and the 345 
i -c — T>t fnmn.nt nf i>GBI7o>2* The obtained clone 
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pGBl7a-3 contained a fulMength bovine P 450 17acDNA 
and is shown in FIG. 22C 

EXAMPLE 14 

5 Construction and Transfonoition of 2 Full-length 
P^olToc-DNA Clone Into ibe Yeast 
Kluyveramyces lactis 
(a) Construction of the Expression Vector 
To dirivc a suitable expression vector in yeast hosts for 
10 bovine P^o^a, pGBl7a-3 was mutated by site-directed 
mutagenesis as described by Zottsr et al, (Methods in 
Enzymology, Vol. 100, pp. 46S-500, 1983); Zoller et aL 
(Methods in Eozymology, Vol 154. 329-350, 1987) and 
5 Kramer ct al (Methods in Eozymology M>L 154» pp. 
350-367, 1987). Plasmids and strains fbr in vitro mutagen- 
esis experiments were obtained from Pharmacia Inc. 

As indicated in FIG. 23, 9 bp just upstream the ATG 
initiation codon were changed to obtain a SaH restriction site 
20 and optimal yeast translation signals using the synthetic 
oligomer 17cr-3 



(SZQ ID MOt 18) 

s • -i^ ri!iie C3G&c*gCTSCCAGi ^ 

The rcsuldn g plasrnirl, pGBl7a-4 p was digested with Sail 
and Smal and the DNA-fiagmcnt containing the fall length 
P 4S0 17acDNA was separated by electrophoresis, isolated 

30 and transferred by molecular cloning in E. coli JM101 into 
the pGB950 vector (see Example 5) which was first digested 
vrtth Xhol, sticky ends filled in with Oenow DNA poly- 
merase arid snbsep^eafly digest 

35 plasmid pGB17ar5 as depicted in FIG. 24. 
(b) Transformanon of K. lactis 
^) 15 p£ of pGB17a-5, cat at the irrnque Sacfl site in the 

laclasc remoter; was used to transfoanH lactis strain CBS 
2360 as indicated in Example 5. Transform arils were ana- 

40 Iyzed for the presence of integrated pGB17c*r5 sequences in 
the host genome by southern analysis. One transfbnnant, 
l7a-101 containing at least three copies of pGB17cra-5 in 
the genomic host DNA, was farther. analyzed tor in vivo 

45 activity of P4s>17a (see Example 16). 

EXAMPLE 15 

Obstruction and Tninsfonnarion of P 450 17a in the 
Bacterial Hosts Bacillus subtilis and BaclRus 
50 Iwheniformis 
(a) Obstruction of the Egression \fecior 

To derive a suitable expression vector mBaculus hosts for 
bovine P 45l> l7ct t pGBl7o>3 was mutated by site-directed 
nrutagpncsis as described m Example 14. As indicated in 
55 FIG. 25> an Ndel restriction site was mtroduced at iheATG 
imdation codon using the synthetic oligomer 17o>4: 



S'-CCX CCCAWCW^^Y^^^ T-3'(CEQ JD tJ0z2D) 



65 



The resulting plasrrdd, pGBl7aA wis partially digested 
with EcoBX The DNA fragment containing the full-length 
P J50 17ocDNA was separated by gel electrophoresis* iso- 
i,r./4<^ Kmtr.H tn HcoRI ch'Eested uBHA-1 DKAas shown 
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in FIG. 26, Jhs. ligate was molecular cloned by transferring 
the ligation mixture into E- coti JM101 to obtain pGB17a-7. 
(b) Transformation of J3. subalis and lichentformis 

The ^pallF Bacillus promoter was introduced upstream 
of the P« 5a 17ocDNA sequences by digestion with 
pGB17a-6 with the restriction enzyme Ndcl, separation of 
the £. co& part of the shuttle plasrrrid by agarose gel 
electrophoresis and subsequent rc ligation and transforCDa- 
tion of B. subciBs 1A40 (BGSC 1A40) competent cells. 
Neomycin resistant colonics were analyzed and the plasmid 
pGB17a-S (FIG- 27) was obtained. 

Transformation of the host 5L Uchetdfcrmis T5 (CBS 
470,83) was also performed with pGB17a-S- The plasmid 
remained stable in the appropriate Bacillus hosts as revealed 
by restriction analysis of pGB17a-8, even after many gen- 
erations. 

EXAMPLE 16 

In vivo Activity of P^Hcl in Kluyveromyces 
lactis I7a-101 

K. lactis 17o>101 was obtained as described in Example 
I4w The organism was inoculated in 100 ml of medium D. 
Medium D contained per liter of distilled water; 



Yeast Extract (E>ifco) 10 % 

Bade Peptone (Cfcoid) 20 g 

DcttvJfi 2D g 

After sterilization and cooling to 30° C, 2.68 g of Yeast 
Nitrogen Base (Difco) dissolved in 40 ml of distilled water 
(sterilized by membrane filtration) and 50 rog of neomycin 
dissolved in 1 ml of distilled water (sterilized by membrane 
filtration) were added to the medium. Subsequently; 50 rog 
of progesterone dissolved in L5 ml of dimemylformamide 
were added to 100 ml of medium, The culture was grown &r 
120 hours at 30° C and subsequently, 50 ml of culture broth 
were extracted with 50 ml of dichloromethancv The m ijtnr e 
was centrifugated and the organic solvent layer was sepa- 
rated. Dichloromethanc was evaporated by vacuum djstflla- 
Uon and the dried extract (about 200 rag) was taken up in 0*5 
ml of chloroform. Tnis extract contained 17a- 
hydroxyprogrcstcrone as shown by thin layer chromatogra- 
phy. The drnctnr© of tha compound was confirmed by 
H-MNfc and ^G-NMR, NMH analysis also showed that the 
ratio of l7a-hydrtayprogesteronc^progesterone in the 
extract was approximately OA 

EXAMPLE 17 

Molecular doping of a FnlMength cDNA 
g pftfvfing the Bovine Cytochrome P^ Steroid 21- 
Hydroxylase (P 4W C21) 

Approximately 10* pfu's of the bovine adrenal cortex 
cDNA library, prepared as described in Example 1, ware 
hybridized wim a **P«end labeled oKgo C21-1. This oligo 
^♦wi'tiin^ the sequence S'-GAT GAT GCT GGA GGTAAG 
CAG AGA GAA TTW (SEQ ID NO: 21) was a specific 
probe for the bovine P 4i0 C21 gene located downstream the 
EcoRl site in the ^ AS0 C7-l cDNA sequence as described by 
Yosmofca d al Q. BioL Cbenx, VoL 261, pp. 4I06-U.09. 
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obtained- The BcoRT insert of this recombinant Umbda-gtll 
DHA was subclone^ in the EcoRI site of pTZlSR resulting 
.in a constrod called PGBC21-1. As shown in FIG. 28, this 
plasmid oonuins a 1-53 16 EcoRI insert complementary to 
5 ihe P^CHcDNA sequences from the EcoRI site at position 
439 in the poryadenylabon site as described by Yoshioka et 
al., as revealed by nucleotide sequencing. 

To isolate the remaining 5* part (490 bp) of the 
P 450 C21cDNA. a new bovine adrenal cortex cDNA library 
10 was prepared with the procedure described in Example 1 
with only one modification. As primer for the first cDNA 
strand synthesis, an additional oligomer &1-2 was added. 
Oligomer C22-2 with the nucleotide sequence F-AAG CAG 
15 AGAGAATTC-3' (SEQ ED NO: 22) was positioned down- 
stream from the EcoJU-silc of P 45D QlcDNAfrom position 
504 to 490. 

Screening of this cDNA library with a ^P-fcod labeled 
oligomer C21-3 containing the P« W C21 specific sequence 

20 5*'CIT CCA COO GCC cgatag cao gtgagc gcc 

ACT GAG-3' (SEQ ID NO: 23) (positions 72 to 37) revealed 
approximately 100 hybridiziDg pfn's. The EcoRI-insert of 
only one recombinant latnbda-gtll DNA was subcloned in 
25 the EcoRl-silB of FIZ1SR resulting in a construct called 
PGBC21-2. This plasmid (FIG. 28) contained an insert of 
540 bp complementary lo the P^C^l cDNA seqnences 
from position -50 to the EcoRI-sfte at position 459 as 
revealed by nucleotide sequencing. 

30 EXAMPLE 18 

Consmiction of a P^CZlcDNA Bacillus 
Expression \fector and Transform ation to the 
Bacterial Hosts Batitius subtilis and BariUus 
*5 Uckeniformis 
(a) (instruction of the Expression \%ctor 

lb construct a fun-length P^CZleDNA win flanking 
sequences specific for the BadBns expression vector pBHA- 
1, the 5 1 part of the P 4SD C21 gene was first modified by the 
Polymerase Chain Reaction (PGR) method with pGBC21-2 
as template and two specific P^CZl-oligomcts as primers- 
OHgpmcrs C21-4 (5--CTC ACT GATXTC CATATO GTC 
CTCGCAGGG CTG CTG-3'(SEQ ID NO: 24)) ctmtained 
45 21 nucleotides complementary to C21-sequenccs from posi- 
tions 1 to 21 and 18 additional bases to create an EcoRV 
restriction site and an Ndel restriction site at the ATG 
initiation codon. Oligomer C21-5 (5'-AGC TCA GAATTC 
CTT CTO GAT GGT CAC-3' (SEQ ID NO: 25)), was 21 
50 bases complementary to the minus strand upstream the 
EcoRI-fiite at position 489. 

The PGR was performed as described by Sdki el al 
(Science, VtiL 239, pp. 4S7-491, 1988) with nunor mocM- 
55 caliocs- The PCR was performed in a volume of 100 /d 
coctaming; 50 mM Kd 10 mM Tris-HQ pH 83, 1-5 mM 
Mga a , 0.01% (w/v) gelatin, 200 each dNTP, 1 fM each 
C21-pruncr and 10 ng pGBC21-2 template. After denatur- 
anbn^ at 100" C) and addition to 2 Uof Taq-polymerase 
60 (Cetus), the reaction mixture was performed to 25 amplifi- 
cation cycles (each: 2 T at 55° C, y at 72* G, i» at 94° C) 
in a DNA-amplifier apparatus (Perkin-Elmer). In the last 
cycle, the denatnrafion step was omitted. A schematic view 
65 of mis P <50 C21cX>NA amplification is shown in FIG- 29. 
The amplified fragment was digested with EcoRV and 
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ate sites of pSP73 (Prooega). Th& obtained plasmid was 
called pGBC21-3- As shown id FIG. 3D, the 5' P^CZl- 
EcoRI fragment of pGBC21-l was inserted Ed the right 
orientation into the EcoKJ-sifc of pGBC21^3. The obtained 
vector pGBC21-4 was digested with EcoRV and Kfdl (Kpnl 
was situated in the multiple cloning site of pSP73) and the 
fragment containing the full-length P, 50 C21cDNAwas iso- 
lated by gel eleclrophoresis and inserted into the appropriate 
sites ofpBHA-1 by molecular cloning. The derived plasmid 
pGBC21-5 is iQoslrated in FIG. 31. 
(b) Transformaliott of Bacillus 

Tte "HpalT Bacittiis promoter was introduced upstream 
to the P^CZlcDNA gene by digestion with pGBC21-5 
with the restriction enzyme Ndcl, separation of the E. coU 
part of the shuttle plasmid by agarose gel electrophoresis 
and subsequent religation and transformation of B. subtiUs 1 
A40 (BGSC 1 A40) competent cells. Neomycin resistant 
colonies were analyzed to obtain pGBC21-6 (FIG. 32). 

Transformation Of the host B. Udteniformis T5 (CBS 
470.83) was also performed with pGBC21-S- The plasmid 
remained stable in both B aciUns hosts as revealed by restric- 
tion analysis. 

EXAMPLE 19 

Construction of a P 450 C21cDNA Yeast Expression 
Vector and Transformation lo the Yeast Host 
KJuyveromyczs loafs 
(a) Construction of the Expression Vector 

la derive a suitable expression vector in yeast hosts for 
bovine P^Gl-i pGBC21-2 was mutated by site Erected 
mutagenesis as described in Erample l4v For the mutation, 
oHgomer C21-6 (5'-CCT CTG CCTGGGTCG ACA AAA 
ATG GTC CTC GCA GGG-3 f (SEQ ED NO: 30)) was used 
to create a Sail restriction site and optimal ye^ translation 
signals upstream the ATG initiation codon as indicated in 
FIG. 33. 

The Sail EcoRI DNA fragment of denved plasmid 
pGBC21-7 was hgated to the 3 1 P^C21^M-rr*gment of 
pGBC2l-l and insetted by nxaleeular cloning into the appro- 
priate sites of pSP73 as indicated in FIG- 34. Derived 
pGBC21-8 was cut with Sail and EcoRV (EcoRV site was 
situated in the mxilriple cloning site ofpSP73) and the DNA 
fragment containing the full-length P 45Q C21cDNA was 
inserted into the yeast expression vector PGB950. Derived 
pGBC2l-9 is depicted in FIG. 35. 
(b) Transformation of JC tocos 

15 /<g of pGBC2X-9 were mgpsted with SacII and trans- 
formation ofX laais CBS 2360 was performed as described 
in Example 5(e). 

EXAMPLE 20 

Molecular Goring of a Full-length cDNA 
Encoding the Bovine Cytochrome P 4OT Steroid 
^Hydroxylase (P«saUP) 

A bovine adrenal cortex cDNA library was prepared as 
described in Example 1 with one inodiiicatibn. An additional 
P^lip-specmc primer (oligomer 11^-1) with the nucle- 
otide sequence SM3GCAGT GTG CTO ACA CGA-3' (SEQ 
ID NO; 32) was added to the reaction mixture of the first 
strand cDNA synthesis oligomer was positioned just 
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to 1513- Nucleotide seqoteuces and map positions of men- 
tioned P^ilp-oligomcrs were all derived from tie 
p UpcDNA sequence data described by Morohasi et aL 
(J. BiocbeffL, VbL 102(3% pp. 559-568, 1587). The cDNA 

5 library was screened with a "P-Ubeled oligomer H?-2 
(5'-CCG CAC CCT GGC CTT TGC CCA CAG TGC 
CAX3 r (SEQ ID NO: 33)) located at the 9 end of the 
p 450 lipcDNA from position 36 to 1- 

ao Screening with oligomer revealed 6 hybridizing 

ptVs. These were fnrtber purified and analyzed with oligo- 
mer Up-3 (5*-CAG CTC AAA GAG AGT CAT CAG CAA 
GGG GAAGGC TGT-Z\ r^sirions 990 to 955 (SEQ ID NO. 
34)). Two out of six showed a positive hybridizing signal 

15 with ^-labeled oligomer 110-3. The EcoRI inserts in both 
Hp4ambda-gtll recombinants were subcloned into the 
EcoRl-siie of pT ZllSK One clone with an EcoRI insert of 
2.2 Idb (pGBllp-l) was further analyzed by restriction 

20 enzyme mapping and is shown in FIG. 36. pGBliP-1 
rpfl t»fnrft all coding P^llp cDNA sequences as deter- 
mined by Morobashi ct. al 

EXAMPLE 21 

25 

Construction of a P <so C21cDNA Bacillus 
Expression \fector and Transformation to the 
Bacterial Hosts BacOha subrilis and BariUvs 
tichenifbrmis 
30 (a) Constmction of the Expression \fector 

A full-length P< OT llp cDNA with modified flanking 
sequences to the BariHns expression vector pBHA-1 was 
obtained by the PCR method (described in Example 18) with 
35 pGBUp-1 as template and two specific P^ttp^lSgprntis 
as primers- 

Oligomer llp-4 (S'-TlT GATATC GAATTC CATATG 
GGCACC AGAGGTGCT GCAGCC-3' (SEQ ID NO: 35)) 
contained 21 base* complementary to the mature 

40 P^c^lpcDNAsequencc from position 72 to 93 and 21 bases 
to create EcoRV, EcoRI and N<JeI restriction-sites and ATG 
initiation codon- Oligomer Up-5 (5*-TAA CGAXAT CCT 
CGA GGG IAC CIA CTG GAT GGC CCG GAAGGT-3 1 

4S (SEQ H> NO: 36)) contained 21 bases mmpkmentary to the 
Minns P 4 «5o 11 P cDNA strand upstream the translation slop 
codon al position 15H and 21 bases to create restriction- 
sites for EcoRV, Xhol and KpnL 
After PCR amplification with above mentioned template 

50 and P^ll ^primers, the amplified fragment (lw45 Jcfa) was 
digested with EcoRI and Kpnl and inserted by molecular 
cloning into Ihe BadEus expression vector pBHA-1 cat with 
EooRI and Kpnl to obtain the vector pGBllp-2 (see FIG. 

(h) Trar^sfbnnation of Bacillus « 
The "HpaflF Bacillus promoter was introduced upstream 

to the P^gliPcDNA sequences by digestion of pGBHP-2 

with Ndel, separation of the & coli part of the shuttle 
60 plasmid by agarose gel electrophoresis and subsequent reli- 

gation (as described in Example 18) and transformation oLB. 

stibHBs JA40 (BGSC 1A40) competent cells. Neomycin 

resistant colonies were analyzed and the plasmid, pGBlip- 
$5 3, was obtained. The derived plasmid pGBlip-3 was also 

transmitted to the B- lichemformis host strain TS (CBS 

PAGE 42/59 1 RCVD AT 1211712004 3:46:32 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CS!D:908 231 2626 « DURATION (mm-ss):16-36 



29 

EXAMPLE 22 

Construction of a P 450 lipcDNA Yeast Expression 
Vector and Transformation to the Yeast Host 
iQuyvaromyces ladis 

(a) (instruction of the Expression Cassette 

k A fnll-fength P^ip cDNA with modified flanking 

sequences to the yeast expression vector pGB950 was 
obtained by the PCR method (described in Example 18) with 
pCBll(5-l as template and two specific P 45C) 11 ^-oligomers 
as primers. 

Oligomer lip-6 (5 r -CIT CAG TOG ACA AAA AXG 
GGC ACC AGA GGT GCT GCA GCC-3' (SEQ ID NO: 37)) 
contained 21 bases complementary to the mature P^llfJ 
cDNA sequence from position 72- to 93 and 18 additional 
bases to create a Sail restriction site, an optimal yeast 
translation signal and an AXG initiation codon. Oligomer 
lip. 5 is described in Example 21(a). After PCR amplifica- 
tion with the above mentioned template and P^llfJ- 
primers, the amplified fragment (1-45 kb), was digested with 
Sail and Xbol and inserted by molecular cloning into the 
yeast expression vector pGB950 cut with Sail to obtain the 
vector pGBUp-4 (FIG. 37). 

(b) Transformation of K. lactis 

15 ftQ of pGBli p~4 were cut at the unique Sadl site in the 
lactase promoter and transformation of JC Incds CBS 2360 
was performed as described in Example 5(c). 

h EXAMPLE 23 

Molecular Cloning of a Full-length cDNA 
• Encoding the Bovine Andrcnodoxia (ADX), and 

% Subsequent Transfbnnaubn and Impression of 

ADXcDNTA in the Yeast oiKlvyvewmyces lactis 
(a) Molecular Cloning of ADX 

A full-length ADXcDNA, with 5" and 3' flanking 
sequences modified to the yeast expression vector pGB95D, 
was directly obtain ed from a bovine adrenal cortex mRNA/ 
cjDKA pool (for detailed description see Example 1) by 
amplification using the PCR. method (see Example 18). For 
me ADXcDNA amplification, two synthetic oligomer prim- 
ers were synthesized. 

Oligomer ADX-1 (5MT1T CAG TOG ACA AAA ATG 
ACC AGC TCA G AA GATAAAAIA-3' (SEQ ID KO: 43)) 
contained 21 bases complementary to the 5' end of the 
marine ADXcDNA sequence as described by Okamura et al 
(Proa NatL Acad. ScL USA, VoL 82, pp. 5705-5709* 1985) 
fcom positions 173 to 194. The oligomer AJDX-1 contained 
at the 5' end IS additional nucleotides to create a 5&U 
restriction site, an optimal yeast translation signal and an 
ATG minladon, codoiL The oligomer ADX-2 (5^-TGTAAG 
GTA CCC GGG ATC CnATT CTATCT TTG AGG ACT 
T-3' (SEQ ED NO: 44)) was complementary to the 3' end of 
the minus strand of ADXcDNAirom position 561 to 540 and 
contained additional nucleotides foe creating restriction sites 
for BarrM, Smal and KpuL 

The PCR was performed as described in Example 18 with 
1 «M of each ADX-primers and 10 /d of mRNA/cDHA 
mixture (as described in Example 1) as template. A sche- 
matic view of mis ADXcDNAa amplification is shown in 
FIG. 3S; 

The amplified fragment contained a full-length ADX* 
• • cDNA sequence with modified fUmkzngs, which was char* 

acterized by restriction-site analysis and nucleotide sequenc- 
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(b) Construction of tbe Expression Vector 
The ampHfied ADX cDNA fragment was digested with 

Sail and Smal and inserted by molecular cloning into the 
ycESt expression vector pGB950 cul with Sail and EcoRV. 
The derived plasmid pGBADX-1 is depicted in FIG, 38. 

(c) Transformation of K* laais 
15 fig of pGBADX-1 were cm at the unique Sadl-site in 

the lactase promoter and transformation of K. lactis CBS 
2360 was performed as described in Example 5(c). 

(d) Analysis of the Transform anls 

Two tiansfonnants, ADX- 101 and ADX- 102, and the 
control strain CBS 2360 were selected for further analysis. 
Tbe strains were grown in YEPD-medium for about 64 
is bonis at 30° Q Total ceUular protein was isolated as 
described in Example 5(d). From tbe supcrnatants, 8 fA 
samples were taken for analysis on iramunnblots (see FIG. 
39, lanes 3 f 4 and 5). 

Tbe results show that a protein of ibe expected length (14 
kDa) was expressed in 2£ Incus cells transformed with 
pGBADX-1. The in vitro ADX- activity of transform ant 
ADX-102 is described in Example 24. 



20 
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EXAMPLE 24 

In vitro Activity of Adrcnodoxin Obtained from 
Kfayveromyctt lactis ADX-102 

K. lactis ADX- 102, obtained as described in Example 23, 

30 and control strain K. hois CBS 2350 were grown in 100 ml 
of YEPD medium (1% yeast extract, 2% peptone, 2% 
glucose monohydraie) containing 2-5 ml of a 6.7% (w/w) 
yeast nitrogen base (Difco laboratories) solution and 100 mg 

^ l" 1 of geneticin (G418 sulfate; Gibco Ltd.), for 56 hours at 
30* C Tbe cells were coUeeaed by eeatrifiigation (4,000xg- 
15 minutes), resuspended in a physiological salt solution and 
washed with a phosphate buffer (pH 7.0, 50 mM). After 
ccntrifttgation 15 minutes), the pellet was rcsus- 

40 penned m a phosphate buffer (jpH 70, 50 mM) resulting in 
a suspension containing 0.5 g cell wet weight/ml. The cells 
were disrupted using a Braun MSK Homogenizer (6x15 
seconds, 0.45-050 mm glass beads) and unbroken colls 
were removed by centrifiigation (4,000kg, 15 minutes). The 

^ cell-free extracts (40 mg protein/ml) were stored at -20* C 

ADX activity, i_e. elecfrotransfer capacity from adrcno- 
doxin reductase to cytochrome P^SCC, in the cell-free 
extracts was determined by a P 450 SCC activity assay. The 

so assay mixture consisted of the following solutions: 

Solution A (namral P <a50 SCC electron donating system 
with the exception of ADX): a 50 mM poiasdom phosphate 
Mirier (pH 7.0) containing 3 mM of EDTA, 2 fM of 

^ adrenodoxin reductase (purified from bovine adrenal 
cortex), 1 mM of NADPH (electron donor), 15 mM ghicose- 
oVphospbale and 16 units/ml of ghicose-6-pbospbate- 
dehydrogenase (NADPH regeneratiDg system). 

Solution B (substrate and enzyme): a mieellar solution of 
75 jM of cholesterol (doubly radiolabeled with [26\27- M C] 
cholesterol (40 O^mo!) and [7a- s H] cholesterol (400 
CJAnol)) and 1.5 jiM of P 4SD SCC (purified from bovine 
adrenal cortex) in 10% (v/V) Texgito)™ NP 40/ethanol (1:1, 

The assay was started by myqcg 75 /d of solution A with 
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of a poussium phosphate buffer (50 mM, pH 7.0) containing 
10 /^M ADX (purified from bovine adrenal cortex). The 
mixture was stirred gently at 30* CL Samples were drawn 
after 15 minutes of irjeubuion and diru^d with 100 fA of 
waicL From a sample,, substrate and produces) were 
extracted with 100 fd of methanol and 150 fA of chloroform. 
After centrifugation (5,000x5, 2 minutes), the chloroform 
layer was collected and drbd. The dry residue was dissolved 
in 50 /d of acetone containing (L5 mg of a steroid mixture 
(cholesterol, pregnenolone and progesterone (1:1:1, w/w/ 
w)) and subsequently HO fA of concentrated formic add 
were added. The suspension was heated for 15 minutes at 
120* C and then, the 1A CfU ratio was determined by double 
label liquid scintillation counting. The ratio was a direci 
measure for the side chaw cleavage reason, because the 
14 C-labeled side chain was evaporated from the mixmre as 
isocaprylic acid during the healing procedure. 

Using this assay, ADX electron carrier activity could 
easily be demonstrated in (he cell-free extract of 2C loads 
ADX-102. In the assays "with cell-free extract of JfC Uteris 
ADX-1D2 or with purified ADX, the side chain of the 
cholesterol was cleaved wilhitt 15 inirnites in a yield of 50%, 
whereas in the assay with oeH-fjee extract of the control K. 
lactis CBS 2360, no side chain cleavage could be detected. 

h EXAMPLE 25 

Molecular Cloning and Construction of a Full- 
length eDNA Fnrr^ipg the Bovine Adrenodoxin 
Oxiobrcductase (ADR), and Subsequent 
Transformation of ADRcDNA in the Yeast 
Khiyveromyces factis 

(a) Molecular Coiling of Adrcnodoxin Oxidorcductase 

A bovine adrenal cortex cDNA library was prepared as 
described is Py»™plfc 1 wilh one modification. An additional 
ADR-specific primer (oligomer ADR-l) with the nucleotide 
sequence y-GGC TGG GAT CXA GGC3 1 (SEQ ID NO; 49) 
was added to the reaction mixmre of the first strand cDNA 
synthesis. Oligomer ADR-l was located just downstream to 
the translation stop codon from position 1494 to 14S0. 
Nucleotide sequences and map positions of - mentioned 
ADR-oligomers were all derived from (he ADRcDNA 
sequence data described by Nonaka et aLBiochem. Bioph- 
hys. Res. Comm., Vol 145(3), pp. 12*9-1247, 1987). Toe 
obtained cDNA library was screened with a ^-labeled 
oligomer ADR-2 (5-CAC CAC ACA GAT CTG GGG GGT 
CTG CTC CTG TGG GGA-3 1 (SEQ ID NO: 50)). 

4 hybridizing pfu's were identified and subsequently 
purified. However* only 1 pfn showed also a positive signal 
wirh oligomer ADR-3 (P-TTC CAT GAG CCG CTT OCT 
CGG GCO AGC GGC CTC CCT-3' (SEQ ID NO: 51)), 
which was located in thomiddb of tboADRi^r^(posmon 
840 to 80S), The ADRcDNA insert (approx* 2 ib) was 
molecular cloned into the EcoRI-site of pTZlSR. The 
obtained plasmid, pGBAJDR-1, contained a full-length 
ADRcDNA as revealed by restriction enzyme mapping and 
nucleotide sequencing. The physical map of pGBADR-1 is 
illustrated in FIG. 40. 

(b) Construction of the Expression Cassette 

A full-length ADR cDNA with modified flanWng 
sequences to the yeast expression vector, pGB95Q, was 
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pGBADR-1 as template and two specific ADR-oLigomers as 
primers. Oligomer ADR-4 ((5'-CGA GTG TCG ACA AAA 
ATG TCC ACA CAO GAG CAG ACC-3' (SEQ ID NO: 
52)), contained 18 bases complementary to tbe mature 

5 ADRcDNA sequences &rjm position 96 to 114 and 18 bases 
to introduce a Sail restriction site, an optimal yeast transla- 
tion signal, and an ATG imitation codon. 

Oligomer ADR-5 (5'-CGT GCT CGA GGT ACC TCA 

a0 GTG CCC CAG CAG CCG CAG-3' (SEQ ID NO: S3)) 
contained 18 bases complementary to the minus strand of 
ADRcDtfA upstream to the translation stop codon at posi- 
tion 1479 and IS bases to create Kpnl and Xhol restriction 
sites for molecular cloning in various expression vectors. 

15 After amplification with, the above mentioned template 
and ADR primers, the amplified fragment (L4 kb) was 
digested with SaH and Xbol and inserted by molecular 
cloning into the yeast expression vector pGB950 cut with 

^ Sail and XhoL Tbe derived plasrnld. pGBADR-2, is illus- 
trated in FIG. 40. 

(e) Transformation of K. Iactis 

15 of pGBADR-2 was cat at the unique SacE-site in 

the lactase promoter and transformation of IC Iactis CBS 

25 2360 was; performed as described in Example 5(c). 

EXAMPLE 26 

Molecular Cloning of a Full-length cDNA 
30 PnmHtftg Bovine NADFH-cytochrome ? 4Z0 

Reductase (RED) 

Tbe bovine adrenal cortex cDNA library described in 
Example 1 was screened with a ^P-labeled synthetic oH- 

35 gomcr S'-TGC CAO TTC GTA. GAG CAC ATT GGT GCG 
TGGCGGGTTAGT GATGTC CAG (SEQ ID NO: 
54), specific for a conserved amino acid region within rat-, 
porcine- and rabbit RED as described by Katagaxi el al (I. 
Biochem., Vol. 100* pp. 945-954, 1985) and Murakami ct aL 

40 (DNA, Vol. 5, pp. 1-10, 1$86> 

Five hybridizing ptu's were obtained and former charac- 
terized by restriction enzyme mapping and nucleotide 
sequencing- A fall-length REDcDNA was inserted into 

45 expression vectors and transformed to appropriate hosts as 
mentioned in Examples 2, 3 and 6. 

EXAMPLE 27 

50 Construction, Transformation and Expression of an 
Expression Cassette Rncnrrfng tbe Proteins 
P^SCC and ADX in the Yeast KJuyverxmyces 

Iactis 

(a) CbustrucdoQ of the Expression Cassette 
55 Tbe expression cassette pGBADX-1 (sec Example 23) 
was digested with SacII and rEncHZI (partially) and sticky 
ends were filled in using Klenow DNA polymerase. The 
DNA fragment comprising a part of the lactase promoter 
(but still fiinctionaj), the coding ADX sequence and the 
60 lactase tenninator was separated and isolated by agarose-geL 
electrophoresis and subsequently inserted into pGBSCC-7, 
which was first linearized by Xbaj digestion (see Example 
5(b)) and sticky ends filled in using Klenow DNA poly- 
£5 merase. The construction was set up so that a unique 
restriction site (SacH) was obtained, which is necessary to 
transfer the plasmid to JL Iactis. 
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• ■ 

This unique Sacil rcslnctioD site was located in the 
lactase promoter sequence flanking the SCC sequence, as 
the SacII resiriction site id the lactase promoter flynfring the 
ADX sequence was destroyed by ibe fill-in reaction. The 
obtained expression cassette pGBSCCADX-1 contained the 
coding sequence for SCC as well as for ADX, each driven 
by the lactase promoter. 

(b) Transformation of K Iactis 

Transformation of K. Iactis CBS 2360 was performed as 
described in Example 5(c) with 15 ptg, of pGBSCC/ADX-l» 
linearized at ibe unique SacII restriction she. One transfer- 
pant (SCCVADX-101) was selected from SCC and ADX 
exp r e ss ion studies. 

(c) Analysis of the Transfonnant K. Iactis SCC/ADX-101 
Cellular protein fractions were prepared from cultures of 

the SCC/ADX-101 and the control strain CBS 2350 as 
described in Example 5(d) and analyzed by SDS/PAGE and 
Western-blotting. The blot was probed with antibodies spe- 
cific for SCC and ADX, respectively. Compared to the 
control strain, the celrnlsr protein fraction of transfonnant 
SCC/ADX-101 showed two additional bands of expected 
length (53 and 14 kDa, respectively) showing the expression 
of both proteins SCC and ADX Expression levels of both in 
transfonnant SCC/ADX-101 were comparable with levels 
observed in transtbrmants expressing only one protein (for 
H SCC see HG. 15A, lane 3, and for ADX FIG, 39, lane 5)> 

The in vitro SCC and ADX activity of transfonnant SCC/ 
ADX-101 is described in Example 28. 

EXAMPLE 28 

In vino Activity of P 450 SCC and Adrenodoxin 
Obtained From Sluyvervmyces Iactis SCC/ADX- 
101 

K. Iactis SCC/ADX-101 obtained as described in 
Example 27 and control strain K- lacxis SCC-101 as 
dcsciibed in Example 5(d) were grown in 1 liter of YEFD 
medium (1% yeast extract, 2% peptone, 2% glucose 
monphydrale) containing 100 mg 1"* of geneticin (G418 
sulfete; Gibco Ltd\), for 72 hours at 30* C Tne cells were 
collected by ceruxinigatioQ (4,000xg, 15 minutes), resus- 
pended in a physiological salt solution and washed with a 
phosphate buffer (pH 7.5, 75 mM). After ceitfrifhgation 
(4*O0Ok& 15 minutes), the pellet was resuspended in a 
phosphate buffer (pH 7.5, IS mM) resulting in a suspension 
rtJniainmg 0^ g cen wet weight/h^ 
ugjpg a Braun MSK Homogcnizer (6x15 seconds, 0.45-0.50 
nun glass beads). Unbroken cells were removed by centrifa- 
gaiSon (4 t 000x& 15 minutes). 

In the ceUrfcte extracts, the activity of the protein com- 
plex P 450 SCC/ADX was assayed by tocrmining Ihe cho- 
lesterol side-chain cleaving reaction in the 'presence of 
RADPH and ADR- The assay mixture consisted of the 
following solutions: 

Solution A (natural P^^CC electron donating system 
wilh the exception of ADX): b 50 mM potassium phosphate 
buffer (pH 7.0) containing 3 mM of EDTA, 2 nM of 
adrenodoxin rerhictase (purified from bovine adrenal 
• • cortex), 1 rnM of NADPH (electron donor) 15 mM of 

glncose-€-pho5phate and 16 units/ml oE gIucose-6- 

• . . r».T * TvrrtJT ■■ n »n rf ■ — .—A 
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Solution B (substrate and enzyme): a miccUar solution of 
37.5 /iM of cholesterol (doubly radiolabeled with [26,27- 
X *C] cholesterol (40 Ci/mol) and [7o*H] cholesterol (400 
Ci/mol)) in 1095 (v/v) Tcrgitol™ NP 40/ethanol (1:1, v/v). 
5 The assay was started by mixing 75 /4 of soluiion A with 
50 fA of solution B wad 125 /d of cell-free extract. The 
mixture was stirred gently at 30* C. Samples were drawn 
after 60 minutes of incubation and diluted with 100 fA of 
10 water. Prom a sample, substrate and products^) were 
extracted with 100 fd of methanol and 150 /d of dnoroform. 
After ceotrifagation (5,OO0xg T 2 minulesX chloroform 
layer was collected and dried. The dry residue was dissolved 
in 50 fA of acetone containing 0.5 mg of a steroid mixture 
15 (cholesterol, pregnenolone and progesterone (1:1:1* w/w/ 
w)) and subsequently 110 /d of concentrated formic acid 
were added. The suspension was heated for 15 minutes at 
120* C Then, thc. a *C/*H ratio was determined by double 
2t> label liquid sontfllalion counting. The ratio was a direct 
measure for the side-chain cleavage reaction, because the 
^C-labcled side chain was evaporated from the mixture as 
isocapryKc acid during the bearing procedure. 

Using this assay, cholesterol side-chain cfcaving activity 
25 was demonstrated in the cdl-free extract of lactis SCC/ 
ADX-101, whereas the cell-free extract of iC lactis SCC- 
101, no activity was delectable. By means of HPLC- 
analysis, the reaction product produced by a cell-free extract 
30 of iC Inrtis SCC/ADX-1Q1 was identified as pregnenolone. 

EXAMPLE 29 

Construction and Transformation of an Expression 
35 Cassette Encoding Bovine Cytochrome P w Steroid 
17a-Hydroxylase and Bovine Cytochrome P«*> 
Steroid C21-HydroxyIasc in the Yeast 
JQiryverumyces lactis 

(a) CbnStrncrion of the Expression Cassette 

40 The expression cassette pGB17©>5 (FIG. 41) described in 
Example 14, was digested with SacH and HtnriTTI (parualry) 
and sticky ends were filled in using Klenow DNA poly- 
merase. The DNA fragment comprising a part of the lactase 
promoter, the sequence coding for P* w 17a and the lactase 

45 terminator were separated and isolated by agarose gel elec- 
trophoresis and subsequently inserted into pGBC21-° (FIG. 
42) described in Example 19, which was first linearized by 
Xbal digestion and sticky ends filled in using Klenow DNA 

ro polymerase. The obtained expression cassette, pGB17a/ 
C21-1 (FIG. 43), had a unique SacH restriction site because 
the Sacll restriction site in the lactase promoter flanking the 
P 450 17a sequence was destroyed by (he fill-in reaction. 

(b) Transformation of K lactis 

55 TVansformanon of 2C lactis CBS 2360 was performed as 
described in Example 5(c) with 15 ;ig of pGB17a/C2W, 
gncarized at the unique SacH restriction site. One transfor- 
mant 17a/C21-101 was firrthcr analyzed mr in vivo activity 
of both, P^17a and P^CSl (see Examples 30 and 31). 
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EXAMPLE 30 



65 



In vitro Activity of P 4W 17a and T^Cli Obtained 
from JQuyveromyces lactis l7a/C21-101 

K. icctk !7cVC21-l0l obtained as described in Example 

•>ri v 7o*ttV "»7n-1 m n«: described in Rum i u le 14 and 
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frrrric CBS 2360 were, grown id 100 ml of medium D- 
Medium D contained per liter of distilled water: 



'Rod. direct (Difc>> 20 g 

Bacto Peptone (On) id) 20 g 

Dextrw 20 g 



After sterilization and cooling to 30* CL, 25 mg of gencticin 
(G418 sulfate Gibco Lid.) dissolved in 1 ml of distilled 
waler sterilized by membrane filtration was added. Hie 
cultures were grown fbr 72 hours at 30* C and the cells were 
collected by cenrrimgation (4,000xg, 15 miniites). The pel- 
let was washed with phosphate buflier (50 mM» pH=7.0) and 
cells were collected by centfifugation (4,000xg, 15 
minutes). The pellet was taken up in phosphate buffer (50 
mM. pH«=7.0) resulting in a suspension containing 0.5 g wet 
weight/ml- This suspension was disrupted by somficatiou 
(Braun labsonic 1510; 12x1 minute, 50 Wans). Unbroken 
cells were removed by centrifiigation (12,OO0xg T 15 
minutes). 

Cell-fiee extracts were assayed for P< 50 i7a activity and 
P AS0 C21 activity by determimng the productiDn of 17o,21 
dihydroxyprogesierone in the presence of NAD PH. The 
assay imxture consisted of the following solutions: 

Solution A: a 50 mM potassium phosphate buffer (pH= 
7.0), containing 3 mM of EDTA* 2 mMof NADPH,50mM 
of glueose-6-phosphalc and 16 units/ml of ghicose-6- 
pbosphaie-dehydrogeoise (NADPH-regenerating system). 

Solution B (substrate)! a rnl*c*13ar solution of 80 jiM of 
[4- 14 c] progesterone (30 a/rnol) in 10% (v/v) Tergitol™ NP 
40/cthanol (1:1, v/v) in a potassium phosphate buffer (75 
mM, pH-7,5). 

Xhe assay was started by mixing 75 fd of Solution A with 
50 /d nf Solution B and 125 /d of cell*free extract. The 
nnxture was stirred gently at 30 p C and 50 (A samples were 
drawn ***** 60 minutes of incubation and added to a mixture 
of 100 /d of methanol and 50 pi of chloroform* 
Subsequently,, 100/d of chloroform and l00/£ of water were 
added The chloroform layer was collected by fxrirrifdgation 
(5,000xg, 2 minutes) and the water/methanol layer was 
re-extracted with 100 >d of chloroform. The two chloroform 
layers were combined and dried. The dry residue was 
dissolved in 100 Ad of aeetomtrife/H^O (fcl f v/ir) and 50 /d 
samples were eluted with acetomtrile/HaO (58:42, v/v) 
using an HPLC column (ChrompackKchr. 10RP18, 250x4.6 
mm), in the ematt, the steroid substrate and products were 
delected by a flow scintfllatinn counter and a U.V detector. 
The radioactivity of the collected fractions was determined 
by liquid sdnnHation counting. Using the assay, it was 
found that a cell-tree extract obtained from K. lactis 17a/ 
C21-101 produced 17a, 21 dmydroxy progesterone, whereas 
cell-free extracts obtained from it lartis I7o>101 and JC- 
factis CBS 2360 did not The main product produced by it 
r— *r- mi mrrnp*TrA m he 7 7ci hvrtrnxv T>mro;leTODe. 
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EXAMPLE 31 



Id vivo Activity of P^ 0 17a and P^ so C21 in 
KluyverOmyces lactis 17o/C21-101 

£C kerfs 17dVC21-101 obtained as described in Example 
20 and JC lacris CBS 2360 were inoculated in 25 ml of 
medium D. Medium D contained per liter of distilled water. 



Yeast cstnd (Difico) 10 g 

Dado Pcptooc (Droid) 20 g 

Dextrose 20 g. 



After sterilization and cooling to 30° C , 25 mg of genetidn 
dissolved in 1 ml of disbllnd v/ater sterilized by mcmbrane- 
filtration was added to 1 liter of medium D. Thco, 100 fA of 
a solution containing the substrate [4- ai C] progesterone 
were added to 25 ml of the completed mftdjnm The substrate 
solution contained 800 jd [4- 1 C] progesterone (8 CSteole) 
per ml in 10% (v/v) lergftDl 73 * NP 40/tthanol (1:1* v/v). The 
cultures were grown at 30° C in a rotary shaker (240 rpm) 
and samples of 2 ml ta&en after 0 and 68 hours were drawn. 
Each sample was mixed with 2 ml of methanol. After 24 
hours of extraction at 4° C, the mixtures were centrifagaied 
(4,000xg, 15 minutes) From the obtained supernatant, 
samples of 200 /d were dated with aflftfnnitrflc/H a O (58:42, 
v/v) using an HPLC cntairm (Chrompack lichr. 10 RP18, 

250x4.6 mm)* 
In the eluale, the steroid substrate and products were 

detected. The radio activity of the collected fractions was 

determined by liquid scintillation counting. One of the 

fractions obtained from a culture of K. tectis l7a/C21-101 

grown for 68 hours clearly showed the presence of 17o,21 

i^ydrox y progfcsteron& r whereas this compound was not 

produced in a culture of the control strain K. loots 

CBS2360. 

EXAMPLE 32 

Construction Transformation and Expression of an 
Expression Cassette Encoding (he Human 3p- 
HSDH in the Yeast Saccharomyces Cerevisine. 
1. Generation of pUC derivatives with new polylinfcer sites. 

M13nrpl9 (Yamscb-Perori, C et al a Gene 33 (1985) p 
103-119) was mutagemzed using ohgpuadeotide 

OTG2805: 5' G03CrcAGCGGCUiCl 1 1 CCAGTCG 

y (SEQ ID NO; 59) 
and a Noll site was introduced into the remaining 

sequence of the lad gene (M13TG724). Then, a 

polyimker erataming EcoRI, SnaBI and NdtI sites was 

introduced in the EcoRI site of M13TG724 using 

oligonucleotides 
OTG2793: 9 AAITGOGGCCGOGTACGlArG 3 1 (SEQ 

ID NO: 60) and 
0TG2796: 5 1 AAXIXLOACGXACGOGGCCGC 3' (SEQ 

ID NO: 61) 

j However, **"Tf"c the cloning step, mnlffpHnarfon and modi- 
fication of the insert occurred. Tbe resulting M13TG7244 
had the following sequence: 
GAATTCATACGTACGCGGCCGCAAT- 
TGCGGCCGGTACGTATAATTCACTGGCCGT 
; (SEQ ID NO, 62) 
Note that the EcoRI, SnaBI and NotI sites are underlined and 
«w <h~ wtuftnee nf nUCIO i<i <n fi*Hre. Ml3Tfi7244 
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was digested with EcoRI and SstI restriction enzymes and a 
linker was introduced using oligonucleotides 

OTG2919: 5' CAACGCGTCCIAGG 3' (SEQ ID NO: 63) 
and 

OTG2920: 5' AATTCCTAGGACGCGTTOAGCT 3' 
(SEQ H) NO: 64) 
yielding M13TG7246. This linker added Mlul and AsnU 
sites. A Pvull fragment containing the relevant restriction 
sites of M13TG7246 was sobcJoned into pUClP, yielding 
pTG7457 (FIG. 44). 

pUC19 (yanisch-Peron, C et aL, Gene 33 (19&5) p 
103-119) was digested -with BamHI and EcoRI restriction 
enzymes and a poly linker was introduced using oligDnucIe- 
oiides 

OTG2792: 5' GATCCG CAGATATCAJCTAG AT C- 

CCGGGTAGAT 3' (SEQ ID K0: 65), 
OTG2797: 5' A G AO CTC AAG ATCTACC CGG - 

GAltnAGATGAEAXCTGCG 3' (SEQ ID NO: 66), 
OTG2794: 5' CTTGAGCTCTACGCAGCTGGTCGA- 

CACCIAGGAG 3' (SEQ ID NO: 67) and 
OTG2795: 5' AATTCTCClAGGTGTCGACCAGCT- 

GCGT y (SEQ ID NO: 68) 
yielding pTG7453 (FIG. 45). 
Sub cloning of the Terminator 

PGK Terminator: 

Tht polylinker sites between BamHI and SstI of pTG7453 
were introduced into a pTC7457 derivative and the new 
phsniid was digested wilh BgUI and HindlH restriction 
enzymes and a similarly restricted fragment containing the 
PGK terminator (Hiizeman, R.A. et aL, Nuejeic Adds Res. 
10 (1982) 7791^7808); Loison, G. el al. Yeast 5 (1989) p 
497-507) was cloned into iL Tne new pUsmid was termed 
pTUl0014 (FIG. 4*). pTG10014 was digested with Clal 
restriction enzyme and the cohesive ends filled in with the 
lOenow polymerase yielding pTGlOOtS. 

Subelanrng of the Promoters, 
a) The CYC1 Promoter: 

The polylinker sites between BamHI and SstI ofpTG7453 
were introduced into a pTG7457 derivative and the new 
plasmid was opened by S&aBI restriction enzyme and the 
Rsal Dral fragment of 456 nucleotides of pEMBLS (Dente 
et al t Nucleic Acids Res. 11 (1983) p 1645-1655). contain- 
ing the origm of replication of phage tl r was introduced 
generating pTG7503. A 0.7$ *b BamHI HrndlE fragment of 
pGBSC09, prepared in Example 6 containing the CYC1 
promoter of Saccharomyas cerevtsiae, a polylinker and the 
lactase terminator oiKIuyveromyces laaif, were subdoncd 
in pTC7503. yielding pTG10004 (FIG. 47). Tne Xbol and 
MM sates of the CYCl promoier were eliminated by site 
directed mutagenesis using oligonucleotide 

OTG4410: 5' GCGGATCTGCTCGAAG.AITGCCT- 
GCGCGTTGGGClTGArC 3' (SEQ ID NO; 69) 
on ssDNA of P TG10004. This yielded pTG10005. 
pTG10005 was digested with Sail and Xhol restriction 
enzymes and a MM site was introduced using oligonucle- 
otides 

OTO4433: 9 TCGACGGACGCGTGG 3 T (SEQ ID NO: 
70) and 

OTT34434: & TCGACCACGCGTOC 3' (SEQ ID NO; 71) 
yielding pTGl0006. 
b) Tbe GAL10/CYC1 Promoter: 

Tht pYeDPl/B-2 (CuHin, O, Gene 65 (1988) p 203-217) 
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cohesive ends were filled in with kJecow polymerase and the 
plasmid was reheated. In pTGlOOlO, the GAL10/CYC1 
promoter no longer contain the Xhol site and this served 
as a template for a. PCR ampHficatioa. 
5 2. Construction of the Expression Vbctors 

~ In pTG7503, part of foe remaining laeZ coding sequence 
was dhmnated by site directed mutagenesis using oligo- 
nucleotide 

10 0TG4431: 5* TGGCCGTCGTrTTACJTXTGCGCCT- 
OATGCGGIAr 3' (SEQ ID NO: 72) 
yielding pTG7S49. The La.cZ promoter present in pTG7549 
was deleted using oligonucleotides 

OTC4470: ? GGCOGCAAAAC3CAAA 3' (SEQ ID NO: 
15 73) and 

OTX34471: ? AjGCTTTTGGTTTTGC 3* (SEQ ID NO: 
74) 

which were inserted after a NotI Hindm restriction, restor- 
ing both sites. The new construct was termed pTG7553. A 
20 B amH I MM Segment containing the CYC1 promoter of 
P TG10006 and the Mini Hindlll fragment containing tbe 
PGK tExminaior of pTGlOOlS were ligated together. The 
Hranoa material was then added to pTG7553, previously 
digested with Mlul and Hindm restriction enzymes. Finally, 
2* oligoouclentine 

0TG4478: ST GATCnAITOXrGCttGCCGCG 3' (SEQ 
ID NO: 75) 
hybridized with oligonucleotide 
0TG4479: 5' CGCGCGCGGCCGC^TCGAIA 3' (SEQ 

30 K> NO: 76) 

(B amHI Mlul linkers containing Clal NotI sites) was added, 
and ligated together. The resulting plasrmd was termed 
pTGl0031 (FIG- 48). The PCR amplified fragment obtained 
with pYeDPi/8-2 was digested with Qal and Sail restriction 
35 enzymes and introduced into pTG10031 digested with the 
same enzymes yielding j>TG10033 (FIG. 49). 
3. Construction of the Basic Vector 
pTG3*28 (Acristerter, X et aL, Gene 110 (1992) p 25-31) 
. ^as digested wimBgm and BamHI restriction enzymesand 
a polylinker segment of pPOlOTI (Lathe R. et aL, Gene 57 
(1987) p 193-201) covering the BglH BamHI sites was 
introduced. The orienialion which had lost the BgJH and 
BamHI sites was chosen (pTG100l2). P TG10012 was 
4S digested with Noll and EcoRI restriction enzymes and 
ligated to the large EcoRI Noll fragment of pTG7549 and 
this generated pTG10013 (HG. 50). The URA3-D fragment 
on this plasmid was bordered by Hin d lll sites. 
4 Construction of the Recombination 'Vectors. 
50 The NotI cassettes containing the CYC1 or the GALlO/ 
CYCl promoter and the PGK terminator were subcloned 
into vectors containing the URA3-d geoe in both 
orientations* yielding recombination vectors 
SS P TC10041-pTG10042 and pTG10WS-pTG1004$ respec- 
tively, pTG 10013 was digested with NotI restriction enzyme 
and me NoH fragments ronlafning rhe expression block of 
pTG1003l were ligated into it yielding two orientations, 
pTG10041 (FIG. 53) and plX310042 (HG. 52). Sirnilarly, 
60 p TG10045 piO. 53) and pTG1004d (FIG. 54) were 
obtained from pTG10033 and pTG10013. 
5. Construction of Transfer Vectors 

The cDNA coding for human 3pHSD# T>pc I, ob tained 
^ f r0m Labrk, was contained in the EcoRI site of pT7T3 
' vector. The coding sequence corresponded to the sequence 
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EndocrinoL Vol 3, pp. 1310-1312, except that the ? con- 
tained *D additional GCO. This plasmid was modified to 
allow direct cloning in the expression vectors. First, a linker 
containing a Mhil site using oligonucleotide 

OTC4S39 : 5 1 AAITGGACX^CXjTCC 3' (SEQ ID NO: 
77) 

was introduced at the 3' end of the coding sequence after 
partial EcoRI digestion (pTG10036> The EcoRI siie of 
p TGI 0036 was treated by Mtmg Bean Nuclease and the 
resultant DNA was digested by Mini restriction cnzym e. On 
the other hand, a Sail MM insert of L7 kb was cloned into 
the Sail MM sites of pTG10Q31 (pTGlOOSfi). The Sail site 
of pTG10O58 which carried the CYC1 promoter was filled 
in with Kleaow polymerase and ibe resultant plasmid was 
digested with MM restriction enzyme. Ligation of these 
fragments yielded pTOl0064 (FIG. 55) which contained the 
coding sequence for 3pHSDH bordered by Sail and MM 
restriction sites. The Sail Mhil fragment from pTG10064 
was subdoned into pTG10033 yielding pTGl0065 (FIG. 
S6) with 30HSDH under control of GALKVCYCX 
6. Expression of 30HSDH in S. cerevistoe 

The yeast used in this study was strain W3Q3-1B (MATct, 
p*. ura3-l, leu2-3, -112, hsMl, -15, trpl-1, ade2-l. can* 
(?), cyT(?) [Crivellone el aU J. Biol dem. 263 (1938) 
14323-1 4333) as a model strain. "W303-1B was auxotrophic 
for uracil, leucine, hisiidine, tryptophane, adenine and resis- 
tant to canavanine. 

A a ) Constmctian of a Yeast-^E. cod Shuttle Vector for the 

Expression of 3PHSDH. 

Using the recombination vectors, assembly of the desired 
* expression plasmid via rc^nnbinarim in vivo can be accom- 

plished- Yeast was made elecrrocompetent and was trans- 
formed using 100 ng of pTG10042 (restricted with Sail and 
Mini) and pTG10065 (restricted with NoO). After 
electropcTanon, the cells were plated on selective YNBG 
medrnm containing adenine, tryptophane, leucine and histi- 
dine but no uradL After 3-4 days of growth, colonies were 
p urifi ed on the same medium. Sacdi&wmyces cersvisiae 
recombincd expression plasmid (SCREP) pTGl0201 
(PromCYCl-3? HSDH-PGKterm) was obtained in strain 
(W309-1B). The latter SCREP was obtained by an in vivo 
recombination between the GAL10/CTC1 promoter and tbe 
CYCl promoter, reconstructing the CYCL promoter. 

b) Detection of 3p HSDH Antigen in Yeast by Western 
Blotting. 

Antibodies 

7T» rabbit HSDH anlibodies against human 

30HSDH were obtained from F> Labrie and have been 
described in V. Lntt The et aL, (19690 MoL EndocrinoL Vol 
3, pp. 1310-1312. 
Western Blotting 

Wfestem blotting was done as described previously (E. 
Degryse el at, (1992) Gene Vol 118, pp. 47-53) except that 
anti-3£HSDH antibodies were used 

c) Cbirmaxtmentafion. 

Cbmp arunentation was studied in strain W303-1B trans- 
formed with SCREP pTGl0201 (CYCL+3P HSDH). QtUs 
were divided into cytosol, rnliocbandria and microsomes 
according to C CuUin and aL, Gene 65 (1988) p 203-217. 
Western blots and activity measurements were performed on 
fractions of (he untransfbnned and two transformed strains. 
The control (untransfoxmed strain) was found to be negative 
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in the mitochondrial and microsomal fractions. These results 
were confirmed in the Western blot, showing the correct size 
of (he expressed gene product 

d) In vitro Activity of 3(5 HSDH After Indnctjoo in Minimal 

5 Medium and Cell Ffacrionatioa. 

(vns were grown until an optical density between 2 and 
5 at 600 nm, in YNBG medium supplemented with 
casamiDO adds (0,5%) and tryptophane, adenine, bistidlnc. 
and leucine. After harvest of the cclk by ceotrifugation, 

10 microsomes were prepared according to C Gilhn and ah, 
Geoe 65 (1988) p 203-217. The 3p HSDH activity was 
measured with the method of Bauer H. C ei aL, J. Steroid 
Biochem. 33 (198°) 643-646. The microsomes were taken 

^ up in TrisHQ 50 rnM pH7.4, EDTA 2 mM» glycerol 20% 
and stored al -20° C until used. The protein concenlfadon 
was 3.75 mgftnl. Activity was measured in DPBS+BSA 
(0.175 inl}f pregnenolone (0.005 mfcl ^=40 nmole/ml) 
and 19 f*g of microsomal extract/tube. The reaction was 

20 started by the addition of NAD 10 mM (0.015 /d) and lasted 
for 60 rnnnxtes at 37* C Controls were used in which the 
reaction was stopped immediately alter substrate addition to 
the complete reaction mixture (M)h) or to the NAD deleted 

^ reaction mixture (t-Oh-NAD). 

Thc in vjaro activity of 3f HSDH was measured using 
radioactive pregnenolone. After incubation at 37° C, the 
bulk of the pregnenolone was predpiutedwimdigitonin and 
the soluble product (progesterone) was measured by scan- 

30 tiHation counting. A microsomal fraction of W30MB/ 
pTG10201 (CYC1+3P HSDH) was shown to be active in the 
presence of NAD only. 
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WAD detcadnce of 36 HSDH Mfivirv 




t-0h-(t-ftb- 




KAb) 6CT - (t - Oh - NAT) 


+ NAD 


17 000 463 000 


-NAD 


0 o 



Activity was also measured after ceE fractionation (see 
above). Activity was measured in DPBS+BSA (0,077 ml)* 
45 pregnenolone (0.002 mil j£i=40 rmiolc/ml)fKAI) (0.010 
/d, 10 mM) and 7 j«g of cytosolic extract, 9/^ of mitochon- 
drial extract and 6 fJ% of microsomal extract/tube. 
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W303 






312 


idria 257 




DCS 17$ 


W3O3^>TOa020 
3 





nntocfc&adra 42308 62.7% 

60 rtfemmmg 13590 273% 



The activity measurements coincided with the results of 
the Western blot Activity was found in the mitochondrial 
w and microsomal fraction. No activity was present in tbe 
cytosol nor in any ruction obtained from untransformed 

Aft-*' s 1*C TTV7rt»ilM 4nraiViM>ftf> *l ^7° P the crmver- 
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sion of pregnenolone (Di> jjM) iuio progesterone was mea- 
sured for 1 /*g am Croats of the following tortious: 
mitochondria, 60% conversion; micro-somes, 1596 
conversion, cytosol, 3% conversion- The reaction was not 
linear with time, but this point was not investigated further. 
The conversion of pregnenolone into progesterone was 
demonstrated in vivo (see below), 
e) Io vivo Activity of 30 HSDH 
Bioconvexsion of pregnenolone into progesterone: 
Iransfonnsd yeast cells were grows in the presence of 100 
jtfg/ml of pregnenolone and samples were extracted and 
analyzed by RP-HPLC &r conversion into progesterone. 
The prelimmary results showed the accumulation of proges- 
terone in the culture medimn of transformed yeast. 15% of 
pregnenolone was convened into progesterone in 2 days. 

EXAMPLE 33 

Construction, Transformation and Bioeoovejsion 
from an Expression Cassette Encoding Human 30- 
HSDH and Bovine P 450 17a in Saocharomyces 

cerevisiae 

1. Construction of Transfer Vectors for Human 3(5- 
HSDH and Bovine 17a 

a) Sub-cloning of the cDN A coding for the bovine P 450 17a: 
The cDNA coding for the bovine in plasmid. 

pGB17a-5 described in example 14 (FIG. 24) was refor- 
matted on Sail Mini restriction sites by introduction of a 
Mini site into the Xhol site of the vector. The Sail Mini 
fragment was subcloned into pTG10031 (example 32, FIG. 
48) under control of the CYC1 promoter. This vector was 
called pTOlOOSS. 

b) Subverting of the human 30-HSDH type I: 
The vector pTO 10065 with cDNA encoding human 

3P-HSDH type I under control of me GallO/CYCl promoter 
was obtained in Example 32 (FIG. 56). 

2. Construction of a Yeasty coli Shuttle Vector for 
the Expression of Human 3£H5DH Type I and 

Bovine 545017a 

Using ieoombinarioQ vectors, assembly of the desired 
expression plasmid via. recrmibinalioo in vivo can be accom- 
plished. "Plasxnids containing CVa^-PGK^, and me 
cDNAs for bovine 17a or buman3p*HSDH type I were 
coupled with LEU2 or URA3-d as selection markers, 
respectively- Recombination vectors were generated con- 
taining the yeast % /an. a replicon, an expression cassette 
with the CYCl and different selection markers 

UB>3-d (pTG10259) or LEU2 (pTG10260). pTG10259 is 
identical to the previously described recombination vector 
pTG10042 previously described in Example 32 (FIG. 52) 
except that die single Xbal site contained in the 2 ym region 
was replaced by a Xbal sue, obtained through filling in by 
the Kleoow polymerase and rehgation. 

The IEU2 containing recombination vector was con- 
structed as follows. Into a plasmid containing the LEU2 
gene (Genbank locus YSCLEU2, accession number 
J01333), rCndm sites into (he Hpal site (located at position 
241 were introduced in YSCLEU2, using as an adaptor 
oligonucleotide OTG4464: CACAAGCTTGTG (SEQ ID 
NO: 7B» and Sail site (at position 2213 in Y5CLEU2, using 
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GAAGCT (SEQ ID NO: 79)). The HindlA fragment was 
ebned into pTGl0013 (see FIG. 50) digested with HindEI 
restriction enzyme and was treated with phosphatase. This 
yielded both Dilutions, P TG10023 and pTG10024j\NotI 

5 , fragmcot coplainmg the expression block of pTG 1,0031 
(FIG. 48) was subcloned into pTGlOQ23 and yielded 
pTG10158. The orientation of tbe selection maifcer and the 
expression block in pTG 10158 was similar to that presenl in 

10 pTGl0O42 (FIG. 52). pTG1015$ generated pTG10260 sim- 
ply by eliminating the single Xbal site contained in the 2 fan. 
region, as done above. The expression blocks from 
pTG10O65 (human 3P-HSDH type I) and pTG 10058 
(bovine ? 4S0 17a) were introduced next, yielding the final 

35 expression piasmids, respectively pTG 10261 and 
p TGl0269. 

3. Transformation of Sacdiaromyces cereristite 

20 Yeast strain W303-1B was transformed using a transfor- 
mation protocol described by Lanermann, Cum Genetics, 
\bl 20, pp. 1-3, (1991). Ethanol improved the transforma- 
rion efficiency 6f intact yeast cells. The yeast cells were 
transformed with 1 of pTG10261 +pTGl0269 (no carrier 

25 DNA was uffized). After trans&iination and plating out on 
agar plates containing Tfl^G+casamino acids 0.01%+WAH 
or YKBG casamino acids 0.01%+WAHL, candidate colo- 
nies were confirmed on selective medium. Selection was 

30 done on YNBG+casannno adds 0-01#+WAH (W-TrpA- 
fi denine»H=His). PCR was used to confirm the simultaneous 
presence of the selective marker and the cDNA associated 
wilhiL 

35 4. In vivo Activity of P^ 0 17a and 3P-HSDH in 

SaccharowyceS cerev i s f/iP 

Bioconversion was measured with 100 /&JnA of preg- 
nenolone incubated at30° C with cells on YNB+gIyeerol+ 
40 WAH medium. Samples were taken after 2 days, then were 
extracted and analyzed by RP-HPLC Values tor 17a- 
hydroxyprogesterone (170H-PROG) and progesterone 
(PROG) were expressed as /Jg/ml with duplicate data from 
different clones. The following results were obtained. 
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Pmdnet Frfxta. 


W3U>1B 


PKOG 17QH-FROO PROG T70H-FROG 


pTO102£l ♦ pTO102» 


1.6 A3 0.6 4.6 



The bioconversion of pregnenolone into 17a- 
55 byaVoxyprogtsterono was achieved in yeast by coezpressron 
of 3P-HSDH and P w l7cc 

EXAMPLE 34 

60 In vivo Activity of Bovine P 45D l7a in Transformed 

Khxyverumyces lactis 

Transformation of K. hats strain CBS 2360 was per- 
formed with pGB 17o>5 as described in Example 14 and in 
£5 vivo activity was determined in the whole cells of the 
transformed K. \nctis strain, Four independent transfor m *uts 
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medium (10 g of yeast extracts, 10 g of bactopeptone and 20 
g of glucose/liter) for 72 hours 10 reach an A600 of at least 
50. Tha celfs were harvested and resuspended al 1x10 
cells/ml (A600 =1). 

Five ml of culture were incubated in the presence of 
^-labelled progesterone (20 f&Q for 24 hours at 7Z 9 C and 
tben were extracted with rfichloromethane. RP-HPLC analy- 
sis showed that progesterone was specifically transformed 
into l7a-hydroxyprogesterone. The amount of 17ct- 
hydrcxyprogeslcione was about 40% (about 23% to 58% 
depending on the transform ani) of the substfact added (see 
FIG, 57 corresponding to 17o>3). No andiostencdioDe, 
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which was the product of the Cl7-20-IyaSe activity of 

P^ 0 I7a, wns detected. 

3 H-Ubdled 17a-hydioxyproges^rone was also mcubated 

with the traosfbncanls under the conditions Described above 
s and afler 2* hows of incubation* no androstencdione was 

delected. These data indicate that the bovine P 4$0 l 7a 

repressed in £- factis under the lactase promoter does not 

show any activity C17-20 lyase. 

Various modifications of the products and method of the 
10 invention may be made without departing from the spirit or 

scope thereof and il is to be understood thai me invention is 

intended to be limited only as defined in the appended 

claims. 
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